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previous paper was shown that the lung histamine content rats 
dying from acute pulmonary oedema induced ammonium chloride was greatly 
reduced (Jaques, 1952). was also noted then that older rats tended have 
higher lung histamine values than younger ones. thiourea derivative, alpha- 
naphthyl-thiourea (ANTU) widely used rodenticide and kills producing 
pulmonary oedema. field experiments with this rodenticide had previously 
observed that more than fifty brown rats (R. norvegicus) which had died from 
pulmonary oedema none weighed less than 200 the other hand most the 
younger animals the same rat population which were trapped and had their 
intestinal contents examined for the dyed bait showed appreciable signs 
pulmonary oedema, although they had ingested the compound amounts sufficient 
kill white laboratory rats average weight 250 (Jaques, 1948, 
unpublished). These findings were agreement with those Dieke and Richter 
(1946) who found that adult white rats are much more susceptible ANTU 
pulmonary oedema than weanling rats, the with the latter being nearly 
ten times great with adults. view these observations the possibility was 
considered that the relative tolerance young rats ANTU and possibly 
ammonium chloride might correlated with low lung histamine levels. Experi- 
ments were therefore undertaken determine the amounts histamine present 
the lungs rats different ages and their susceptibility pulmonary oedema. 
Ammonium chloride was again chosen the agent for producing oedema because 
its quick action facilitates observation, but result some experiments 
performed with ANTU believed that the two not differ fundamentally 
their action the lung. 


METHODS. 


Altogether hooded rats weighing from 388 were used. not stated otherwise, 
they were males. Three groups young rats with average body wt. about and 
respectively were divided into approximately equal sub-groups. one sub-group 
the lung histamine content was determined after bleeding from the carotid under light 
nembutal anaesthesia. The animals the other were injected intraperitoneally with 
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ammonium chloride (0-8 ml. per cent solution per 100 g.) determine the incidence 
pulmonary oedema the lung histamine. Those rats which did not show signs pul- 
monary oedema were either observed for >48 hr., killed rather short intervals after the 
injection ammonium chloride determine lung weight and lung histamine, re-injected 
about hr. after the first injection. Rats surviving second injection ammonium 
chloride were killed min. after the injection and their lung weight and lung histamine 
determined. Further details are given under Results. 


RESULTS. 


Histamine Content the Lungs Normal Rats 
and Rats Injected with Ammonium Chloride. 


The results experiments rats different weight and age-groups are 
summarized the Table. the youngest group, aged 1-2 days, the lung 
histamine control and rats was less than 0-05 none 
the treated group showed any increase lung weight, nor were there signs 
respiratory distress, even further rats injected with twice the standard dose 
and observed for hr. The second group, aged 14-16 days, behaved 
similarly, and this group also the lung histamine was low 
None the treated rats developed pulmonary oedema. The third group 
consisted rats body wt., and was chosen contain both males 
(12) and females (8) divided equally between treated and controls. this 
group the mean lung histamine the controls was 0-9 and the treated 
animals showed definite pulmonary oedema. Half the NH,Cl group died 
within hr. with typical oedema, and the other half showed moderate severe 
signs respiratory distress. The survivors were re-injected with the same dose 
hr. later, and again failed develop fatal pulmonary oedema. differences 
were observed between the males and females respect any the factors 
examined. 

The fourth and fifth groups consisted rats >100 g., the only difference 


Weights, Lung Histamine and Paw Histamine Rats 


groups 3-5 died of pulmonary oedema. 


* = right lower lobe only. 


+ = left lower lobe only. 
t = not done. 


Different Ages. 
Lung wt. Lung Paw skin Pul- 
Group. - No Body wt. (g.). (mg./100 g. histamine histamine monary 
body wt.). oedema. 
(1-2 days) rats 
(14-16 days) 1125 (1057-1200) 0-15 (0-1-0-2) (55-65) 
rats 
2 rats 
on 7 rats 
Tats 


Controls were bled under light nembutal anaesthesia. groups were sacrificed min. after injection, and 
Mean figures are given, with the range in parentheses. 
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between them being that the fifth group contained the heavier rats. All treated 
animals these groups died with typical pulmonary oedema, their lungs autopsy 
weighing average twice much those the controls. the Table are 
included figures relating rats studied the present series together with 
corresponding figures taken from the previous paper. will seen that 
the controls the histamine content greater the heavier group than 
the lighter. The increase lung histamine content with age illustrated graphi- 
cally the Figure, which the regression lung histamine (y) upon body 
weight (x) given the equation 0-0198 0-26096. The per cent 
limits error this regression line are shown the dotted lines 


300 


200 
Body weight 


between body wt. and lung histamine content rats. 


Incidence pulmonary oedema. 


will seen from the Table, the incidence pulmonary oedema was 
correlated with lung histamine levels. should emphasized that all the 
animals described this series having died from pulmonary oedema, the 
oedema was sufficient reasonably considered itself have been the cause 
death. Nervous symptoms were uniformly present although they were less 
the younger animals, and occasionally animal died with convulsions, but 
without pulmonary oedema. This phenomenon was observed Cameron and 
Sheikh (1951), who found that pulmonary oedema induced ammonium chloride 
associated with, but independent of, intoxication the central nervous system, 
that certain drugs may completely protect rats from pulmonary oedema yet 
fail prevent death with signs severe nervous disturbance. 


Paw skin histamine. 


The variation skin histamine rats used the present investigation needs 
separate consideration here. can seen from the Table the paw skin histamine 
seems reach adult levels much sooner than lung histamine. rats day’s 
age the paw skin histamine was about This figure lower than that 
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the heavier rats investigated for which paw skin histamine figures are available. 
The paw skin rats about body wt. already contained histamine 
amounts which are not significantly different from those heavier rats. 


DISCUSSION. 


Tolerance pharmacodynamically active agent may related various 
factors such nonabsorption, rapid elimination, neutralisation destruction. 
The findings the present investigation not, priori, justify ruling out such 
factors being the cause the peculiar tolerance young rats ammonium 
chloride pulmonary oedema. But this phenomenon most easily explained 
functional peculiarities immunity Behring) the importance 
which will shortly discussed here. 

had been previously observed that when acute pulmonary oedema induced 
rats means ammonium chloride the histamine content the lung 
drops dramatically (Jaques, 1952). the present investigation was found 
that the lung histamine rats showed definite tendency increase with age. 
Furthermore, appeared that when lung histamine was very low, baby rats, 
pulmonary oedema could not elicited standard dose ammonium 
chloride and that susceptibility pulmonary oedema was correlated with 
critical lung histamine levels. The conclusion therefore seems justified that 
lung histamine plays the pathogenesis acute pulmonary oedema. 
Pulmonary oedema induced ammonium ion commonly classified adrenergic 
(MacKay, Jordan and MacKay, 1949 Cameron and Sheikh, 1951). Intravenous 
injection adrenaline also leads pulmonary oedema various laboratory 
animals (Halpern and Cruchaud, 1947a, Halpern and Roux, 1949; Stone and 
Loew, 1949). The significance the factors underlying pulmonary oedema calls 
for further consideration view the present findings. (1951) investi- 
gating the noradrenaline and adrenaline content mammalian tissues found that 
rats the catechol content the adrenals increased from very low levels 
birth comparatively high levels adult rats and also that the relative amount 
adrenaline increased with age. Rose and Browne (1941) showed that after 
adrenalectomy the histamine content various organs, including the lung, 
increased, and Rose and Karady (1939) found that after this operation lung 
histaminase decreased. These observations clearly point the relationship 
between adrenaline and lung histamine, and the following reasoning seems 
explain the present findings. ammonium chloride injected into rats the 
final outcome will depend the presence the two factors adrenaline and 
histamine. very young rats the ammonium chloride cannot liberate signi- 
ficant amounts adrenaline from the adrenals, and furthermore such amounts 
were present the adrenals, they would probably not cause pulmonary oedema 
because they would reach lung which histamine virtually absent. Tolerance 
pulmonary oedema this case associated with lung histamine levels which 
are low that their displacement released adrenaline unable cause the 
pulmonary vascular permeability initiating pulmonary oedema. 


SUMMARY. 


The histamine content the lungs rats increases from very low levels 
age days 0-05 comparatively high levels adult rats (up 
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12-5 histamine level the paw skin shows much less pronounced 
increase. After injection standard dose ammonium chloride the suscepti- 
bility rats pulmonary oedema varies according the amount histamine 
present the lung. When the lung contains very little histamine, baby 
rats, pulmonary oedema does not follow injection ammonium chloride, and 
development pulmonary oedema depends critical lung histamine levels. 
The adrenaline-histamine relationship which may underly this phenomenon 
and the importance histamine ammonium pulmonary oedema are discussed. 
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out the statistical analysis. 
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adsorption influenza virus fowl erythrocytes and its subsequent 
elution provide effective means obtaining relatively pure virus suspensions 
from infected allantoic fluids (Gottschalk and Perry, 1951). The technique can 
also used achieve some degree virus concentration (Francis and Salk, 1942). 
The difficulty obtaining sufficient quantities fowl cells, and when required, 
for large scale preparative work led use human group cells. From the 
outset results were extremely irregular, each cycle adsorption and elution 
involving virus loss from per cent. Enquiries revealed that workers 
other laboratories accepted such losses inevitable. Our current investiga- 
tions, however, required regular supplies virus purified successive 


cycles adsorption and elution and many occasions the serial losses gave 
final product almost devoid virus activity. The quantitative aspects the 
reactions were therefore investigated. From the results obtained now possible 
standardise the technique that fourth cycle virus eluates satisfactory 
potency can regularly achieved. 


MATERIALS AND METHODS. 


Virus.—The virus used was egg-adapted strain the classical PR8 Type virus. 
Later the production method evolved was applied Lee Type virus. Batches crude 
virus were provided the allantoic inoculation embryonated hens’ eggs. 
occasion preliminary concentration was effected single cycle differential centrifu- 
gation 7000 and 22,500 the deposit from the high speed run being re-suspended 
borate-buffer saline the original volume. 

Erythrocytes.—Two sources human group erythrocytes were utilised 


(1) Stored whole blood preserved with acid citrate anti-coagulant. 
(2) Freshly drawn blood from members the laboratory staff. 


After separation the plasma centrifugation the cells were thrice washed physiological 
saline. Saline suspensions the requisite cell concentrations were then prepared, the 
accuracy and reproducibility which were ensured photo-electric densitometer determi- 
nations. this end calibration curve was constructed from the densitometer readings 
wide range cell concentrations based careful haematocrit determinations. 

Eluting physiological saline was used. Previous work had shown that 
calcium saline buffer solutions offered advantages. 

titres were determined the photo-electric 
method Belyavin, Westwood, Please and Smith (1951). 
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EXPERIMENTAL. 


Effects Virus and Erythrocyte Concentrations 
Efficiency Adsorption. 


good yield purified influenza virus the adsorption and elution technique 
depends primarily efficient adsorption virus particles from the infected 
fluid. Experiments were therefore designed estimate the amount virus 
adsorbed from virus suspensions various titres different concentrations 
human erythrocytes. adsorption time min. was chosen with view 
convenience large scale preparative work and was later found that with 
suitable concentrations reagents further prolongation the time does not 
appreciably increase the amount virus adsorbed. Serial dilutions concen- 
trated virus were made saline and ml. quantities each virus dilution were 
placed five in. (7-5 glass tubes. For the adsorption the 
virus the parallel series virus dilutions prepared, human erythrocyte 
suspensions 2-fold dilution steps from per cent were made, one suspension 
being allocated each series virus dilutions. After chilling the reagents 
the cold room 2°, ml. the appropriate erythrocyte suspension was added 
each tube containing virus. The contents the tubes were mixed inversion 
and allowed stand for min. The tubes were then centrifuged for min. 
the cold and the supernatant fluids were removed. These were titrated for 
haemagglutination activity parallel with samples each the original virus 
dilutions. The results are shown Fig. 


Percentage virus adsorbed 
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titre virus preparation 


Fic. 1.—Effect cell concentration percentage adsorption virus. 
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accordance with expectation the efficiency adsorption from any given 
concentration virus was found directly proportional cell concentration. 
Thus removal virus from fluid were the only object view precise adjustment 
cell concentration would importance. Provided that excess that 
required for maximum virus adsorption were present the largest practicable dose 
red cells could always used. Experience had shown, however, that spite 
achieving maximum adsorption subsequent virus recoveries elution were 
extremely irregular. reasonable explanation that the efficiency elution 
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200 400 600 
titre virus preparation 


2.—Effect cell concentration virus loading erythrocytes. 


within limited time largely depends the degree saturation the cell 
receptors the adsorbed virus. The use too large dose adsorbing cells 
must leave many them with free receptors capable readsorbing virus. Such 
readsorption virus frees itself enzyme action from its primary attach- 
ments would likely reduce the efficiency elution restricted limited 
time (Burnet, the other hand, indefinite prolongation elution time 
with view enzymic destruction all receptors would introduce the risk 
loss from thermal inactivation virus. Some measure the degree cell 
saturation during adsorption therefore required. convenient measure which 
have termed the virus loading the number agglutinating doses (AD) 
virus adsorbed per c.mm. packed red cells. Fig. shows that with virus 
preparations titres the virus loading the cells inversely 
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proportional the cell concentration the adsorbing suspension. The data 
obtained the adsorption experiments were used analyse the effects virus 
and erythrocyte concentration the elution process. 


Effects Virus and Erythrocyte Concentrations the Efficiency 
Elution. 


elution experiments the concentration the erythrocytes from which 
virus removed can adjusted merely adding the requisite volume 
eluting fluid. The virus loading the cells analogous virus concentration 
the adsorption experiments. Erythrocyte preparations with high (>7 AD/c.mm.) 
and low (<2 AD/c.mm.) virus loadings were made adsorptions based the 
data supplied Fig. and were done 37° into volumes saline 
adjusted give the desired cell concentrations. Samples were withdrawn 
intervals and centrifuged immediately room temp. for min. 1500 r.p.m. 
give series eluates. These were titrated parallel and elution yields 
calculated percentages the amounts which had been adsorbed the cells. 
The latter figure was calculated from the difference between haemagglutination 
titres original virus suspension and supernatant fluid obtained from the 
adsorption. 

Fig. records the results typical experiments which cell concentrations 
the elution mixtures were 0-2, and per cent respectively. was expected 
that elution would more rapid with high virus loading than with low virus 
loading. This was indeed found with 0-2 per cent cell concentration but 
with the higher cell concentrations the difference was slight and confined the 
first min. the reaction time. Another unexpected finding was that with 
given virus loading, either high low, change cell concentration the mere 
adjustment the volume eluting fluid affected the percentage recovery the 
virus. thus appears that for maximum recovery there optimum cell 
concentration either side which the elution process becomes less efficient. 

Fig. also shows that the elution time required for satisfactory recovery 
virus depends both virus loading and cell concentration, but chiefly the 
latter. Under suitable conditions, min. adequate for good recovery and under 
ideal conditions will give maximum recovery. Even min. may suffice release 
almost all the adsorbed virus. Much longer elution times are adopted most 
workers the assumption that these will increase the virus yield. With optimum 
concentrations reagents this assumption clearly wrong, and have found 
further that under some conditions exactly the reverse may occur, namely, 
decrease virus yield prolonged elution. This may due readsorption 
virus the elution mixture contains too many intact red cell receptors. 

short elution time also necessary enable purification several successive 
cycles carried through one day; otherwise, almost uncontrollable 
variables are introduced. standard elution time min. was therefore 
adopted series experiments determine the mutually effective ranges 
virus loadings and cell concentrations. 

Virus adsorptions were performed with range erythrocyte concentrations. 
After centrifugation the cold the supernatant fluids were removed pipette 
and drainage blotting paper. The tubes were then removed from the 
cold room and appropriate volume eluting fluid 37° was added each 
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tube. The tubes were placed water-bath 37° and after min. the cells 
were dispersed gentle agitation. After min. elution the tubes were centri- 
fuged for min. room temp. The eluates were pipetted off and titrated for 
haemagglutination activity. appropriate adjustments initial virus titre 
and concentration adsorbing erythrocytes, virus loadings and cell concen- 


100 


Per cent virus eluted 


Time (minutes) 


3.—Effect cell concentration and virus loading efficiency elution: 
0-2 per cent cell concentration. 


B. 1-0 ” ” ” 
C. 2-0 ” ” ” 
6-0 


High virus loading, AD/c.mm. 
Ordinates percentage yield virus. 

Abscissae sampling time, minutes. 
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trations the elution stage could varied independently. The results 
series such experiments are summarised Table 


TaBLE I.—Percentage Virus Eluted after min. 37° with Various 
Virus Loadings and Cell Concentrations. 


Concentration 
cells elution Virus loadings* 
mixture 


Approximate figures. 


The results confirm the importance the erythrocyte concentration 
elution mixture. Low concentrations may have very adverse effect the 
percentage recovery virus though this may offset some extent high 
virus loading. Concentrations from per cent give good virus recoveries 
irrespective virus loading, but above per cent efficiency falls off and again 
virus loading exerts effect. The optimal cell concentration appears 
about per cent. 

Although within the optimal range cell concentrations virus loading has 
relatively little influence elution efficiency, nevertheless important 
the overall efficiency successive adsorption-elution cycles. This arises from 
the necessity keeping the bulk adsorbing cells within limits which will permit 
virus concentration the subsequent stage elution. many cells are used 
impossible adjust the elution volume give the optimum per cent cell 
concentration and the same time achieve virus concentration. This shown 
Fig. which gives the relationships between titre virus preparation, 
concentration the erythrocyte suspension and resultant virus loading. For 
example, over per cent the virus can adsorbed from preparation with 
titre 200 using per cent suspension erythrocytes but this will result 
the low virus loading maintain the per cent cell concen- 
tration the elution stage will require elution into the original volume fluid 
that virus concentration achieved. Indeed virus concentration will fall 
unless elution efficiency 100 per cent. using weak adsorbing suspension, 
however, say 0-25 per cent, the same amount virus adsorbed, but high 
virus loading 5-10 AD/c.mm. results, which itself represents some slight 
advantage. More important the fact that now elution into the original 
volume give 4-fold virus concentration will provide the optimum per cent 
cell concentration for this stage. 

The conditions requisite for high virus yields are therefore those which will give 
maximum adsorption coupled with high virus loading during the adsorption stage 
and volume eluting fluid adjusted give sufficiently high cell concentration 
the elution stage. Suitable quantities and concentrations reagents satisfy 
these conditions for the purification infected allantoic fluids various potencies 
can readily deduced from the Figures. Fig. shows that adsorptions 
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per cent the virus from fluids with titres 250->1000 consistent with virus 
loading AD/c.mm. provided that the appropriate cell concentrations within 
the range 0-15 per cent are used. 


cells 


nr 


Percentage concentration adsorbin 


200 800 1000 


titre virus preparation 


1200 


4.—Relations between initial virus titres, cell concentrations and virus loadings, 


Routine Preparation Fourth-cycle Virus Eluates. 


These findings were applied preparative work follows: Virus infected 
allantoic fluids was purified successive adsorption-elution cycles carried 
through single day. Only fluids with haemagglutination titres 250 
over the titration method Belyavin al. (1951) were used. the first 
cycle equal volume 0-25 per cent suspension erythrocytes was added 
the allantoic fluid after stabilisation the temp. the reagents 0°. After 
min. the cells were sedimented centrifugation for min. room temp. 
and the supernatant fluid discarded. Saline 37°, the volume the original 
allantoic fluid, was added the cell sediment and the cells suspended gentle 
agitation. Elution continued for min., water-bath 0-1°, the 
cells being kept suspension gentle agitation. Cells were then removed 
centrifugation room temp. for min. 

For the second, third and fourth adsorptions 0-5, 0-5 and 0-375 per cent 
suspensions erythrocytes respectively were used. The volume eluting fluid 
the second cycle was half that the first eluate give further 2-fold concen- 
tration the original virus. Later elutions were done into volumes saline 
equal the volumes preceding eluates. 
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The optimum cell concentrations for each adsorption could determined 
prior haemagglutination titration each eluate and reference Fig. 
but this would time-consuming. The concentrations recommended are approxi- 
mations the optimum for allantoic fluids average potency and 
practice have been found satisfactory, both for these and for allantoic fluids 
infected with Type (Lee) virus. 

The data Table are from our earlier batches. these the final percen- 
tage recoveries virus are less than can now regularly achieved, but the 
findings are presented because they included estimations the percentage yields 
each cycle. Many batches have since been prepared which only the 
percentage recovery the final eluate was these show that overall 
recoveries more than per cent are regularly attainable. This improvement 
believed due careful attention two factors whose importance was 
not fully appreciated the outset. First the necessity stabilising the 
temperature reagents before adding the adsorbing cell suspension the 
virus. Second the need avoid any agitation the adsorption mixture 
until removed from the cold for centrifugation. Premature agitation results 
the immediate formation coarse cell aggregates which sediment rapidly and 
this must reduce the cell receptor areas available. With these precautions, high 
titre suspensions highly purified virus quantities sufficient for many kinds 
investigation are obtainable. 


Recoveries Virus through Successive 
Adsorption-elution Cycles. 
Final 
recovery 
Cycle original Mean loss 
Per cent per cycle 
Strain. virus. (per cent). (per cent). 


DISCUSSION. 


The biological specificity influenza virus adsorption and elution affords 
method purification with obvious advantages over methods physical separa- 
tion from impurities, like differential centrifugation. Gottschalk and Perry 
(1951) showed that two adsorption-elution cycles achieved high degree 
purification, but can shown spectrophotometric examinations that second- 
cycle eluates still contain contaminant material from the allantoic fluid. 
possible that further cycles fail remove all traces such material but 
further reduction evident spectrophotometry after the third cycle. For 
this reason have adopted four cycles sufficient achieve the maximum 
purification obtainable. 
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The high virus loading obtainable the adsorption centrifuge concentrates 
virus with dilute red cell suspensions shows that the erythrocytes have 
extraordinarily high adsorptive capacity and that inefficient adsorptions cannot 
usually attributed any scarcity cell receptors. Maximum adsorption 
therefore easy achieve but subsequent elution largely determined the 
amount virus adsorbed each individual cell. Burnet (1951) suggested that 
the virus particle may attached not single cell receptor but receptor 
area that the enzymic destruction multiple receptors may necessary 
effect virus release. This would account for the greater efficiency standard 
time elution from erythrocytes carrying high virus loading. does not, 
however, explain the reduced efficiency elution from cells with high virus 
loading the volume eluting fluid increased beyond certain point order 
reduce the cell concentration. possible that virus particles exert some 
autocatalytic effect the action their own enzyme. Alternatively, virus 
enzyme action may enhanced ions which diffuse from the erythrocytes into 
the medium. These are merely hypotheses but the latter least should 
amenable experimental test. 

Some virus loss inevitable during adsorption and elution. The necessity 
reducing this loss minimum becomes paramount the process repeated, 
because inefficient adsorption, besides itself causing loss, will result low 
virus loading with deleterious effect elution. 


SUMMARY. 


quantitative studies adsorption and elution influenza virus the necessary 
conditions for obtaining satisfactory and reproducible yields purified virus 
have been defined. 

Although efficient adsorption virus can achieved with wide range 
erythrocyte concentrations, suitable cell concentration relation the titre 
the virus preparation necessary ensure adequate virus loading the 
erythrocytes. 

The speed and completeness virus elution depend chiefly the cell 
concentration the elution mixture and the virus loading the cells. 

practical method virus purification and concentration successive 
adsorption-elution cycles described. This has been found yield consistent 
results with influenza viruses Types and 
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For many years has been generally agreed that the spleen concerned 
development immunity. Removal the spleen, for example, said 
interfere with the development immune response (Hektoen and Curtis, 
1915; Hektoen, 1920; Motohashi, 1922; Wolfe, Norton, Springer, Goodman 
and Herrick, 1950) extent which appears largely depend the route 
which the antigen administered and the number and size the doses 
antigen that are given (Rowley, 1950a, 6). Immunization rabbits 
accompanied proliferation plasma cells various organs, including the 
spleen, which parallels the rise antibody titre (Bjoerneboe and Gormsen, 1943 
Fagraeus, 1947, 1948). Tissue cultures the spleens from immunized animals 
have also yielded significant amounts antibody. Taliaferro (1949) 
the evidence, came the conclusion that the spleen plays significant, though 
not essential, part the development immunity. 

Apart from few exceptional cases, general rule that homografts 
skin are finally destroyed specific reaction which seems depend the 
development immunity response the grafted tissue. Removal the 
spleen might therefore expected modify the response skin homografts 
its presence important relation the normal development immunity. 
has also been reported that splenectomy prevents the rise antifibrinolytic 
activity the serum that otherwise follows the injection either cortisone 
ACTH (Ungar and Damgaard, 1951). Ungar believes that cortisone’s effect 
this system mediated through the spleen since extract spleen, which 
has called Splenin reproduces the results giving cortisone, not only normal 
animals but splenectomized animals well. Ungar, Damgaard and Weinstein 
(1951) have further observed that, although cortisone and ACTH inhibit the 
development experimental arthritis caused introducing specific antigen 
into the joints passively sensitized normal guinea-pigs, they fail 
splenectomized animals. Splenin able reduce the swelling whether 
the guinea-pig splenectomized not. Billingham, Krohn and Medawar (1951) 
have shown that cortisone inhibits the development the immunity response 
skin homografts and enables the grafts survive for times long 
normal. this property cortisone, like the others mentioned Ungar, 
were mediated via the spleen and splenins, would not evident 
splenectomized animals. 

Experiments see whether the absence the spleen modifies either the 
normal homograft reaction its response treatment with cortisone are 
reported below. During the course the work, the opportunity was taken 
obtaining further information about the leucocyte count after splenectomy. 
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MATERIALS AND METHODS. 


Animals.—Mature rabbits both sexes (weighing 2200-3300 g.) from the Department’s 
stock were used. They were caged separately and fed the pellet diet Bruce and 
Parkes (1946). Water was available lib. 

Surgical procedures.—The technique for skin grafting and for assessing the 
time the homografts was that described Billingham al. (1951). 

Splenectomy was performed aseptically under Nembutal anaesthesia. The spleen was 
approached through curved left sub-costal incision, mobilized and removed after the 
vessels and the pedicle had been cauterized. Any visible accessory splenic tissue was removed 
the same time. The completeness the operation was confirmed autopsy the end 
the experiment. Remnants splenic tissue were not found any the animals. 

saline suspension cortisone acetate was used. mg. were administered 
single daily subcutaneous injection, beginning one day before the grafting operation 
was carried out and continuing for long the homografts showed signs survival. 

Quantitative measures cortisone following criteria were employed 
assess any differences that might have arisen between the responses normal and 
splenectomized rabbits cortisone. 

Survival time the homografts. 

The rate healing the graft bed the chest and the sites the ears which 
had provided control autografts. Healing was judged the extent ingrowth epithelium 
from the margins the wounds, the build-up granulation tissue and the length time 
required for the scabs the ears become detached. Contraction the area the 
chest wound was estimated expressing the area the twelfth post-operative day 
percentage the original area the time operation. 

The rate mitosis (expressed number mitoses/mm. epidermis) biopsies 
autografts the sixth post-operative day. 

Changes the differential white count, estimated samples blood removed 
from small marginal ear vein between a.m. and a.m. 

Changes the weight the liver. 
Changes the weight the adrenal glands. 


RESULTS. 


Splenectomy was performed days before grafting rabbits that received 
cortisone and days before grafting those that did not. 

The results are stated the Table. Splenectomy did not alter the normal 
progress events after skin grafting untreated rabbits. Homograft survival 
time, mitotic activity autografts, and rate healing the wounds were all 
within normal limits. The Table also shows that the absence the spleen has 
not influenced the usual responses the administration cortisone. Homograft 
survival time was prolonged mitotic activity and wound healing were retarded 
least the same extent Billingham al. (1951) have already reported. 
The usual changes the weights the liver and the adrenals took place, and 
also provided evidence that the effect cortisone had been modified the 


removal the spleen. 


The Effect Splenectomy the Count. 


Observations rabbits for periods days after operation show that 
rise the number granulocytes which more than compensates for fall the 
number lymphocytes. The blood picture returns normal within two weeks 
the operation. Mock operations which the spleen was handled but not 
removed were followed much smaller leucocytosis. 
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Results. 


Contrac- 
tion 
wound 
Animal no.* Mean area per Weight Weight 
body weight mitoses/mm. cent liver both 
operation and grafts 6-day area (mg.). 
3300-3080 
COS.5 (10 mg.) +++ 195 226 
1950-2060 


splenectomized COS splenectomized and treated with cortisone (daily dose 
brackets). 

Soft hard, dry and discoloured free marginally and peel off resurfaced 
scabs detached 

Died under anaesthesia 6th post-operative day. 


profound lymphopenia follows treatment rabbits with cortisone. The 
extent this response was not altered the absence the spleen. 


These results appear indicate that the spleen plays significant part 
the development immunity homologous skin grafts rabbits, unless the 
interval between splenectomy and grafting was long enough for the body 
compensate for the loss whatever contribution the spleen might have made 
the immune response. The recent results Rowley (1950a, indicate, 
however, that there relation between the interval time between splenectomy 
and the antigenic stimulus the one hand, and the extent which the immunity 
process affected the other. alternative explanation based Rowley’s 
finding that the influence splenectomy depends the route administration 
the antigen. Splenectomy inhibited the response intravenous injection 
antigen, but not the response subcutaneous intradermal administration. 
When skin homografts are applied prepared area granulating tissue the 
circumstances absorption antigenic stimulus are likely resemble those 
intradermal injection, which absorption takes place mainly via the 
lymphatic system. Similarly, Mitchison (1954) has shown that passive immunity 
tumour can transferred only the transplantation the lymph node 
draining the area where the tumour was implanted. local production anti- 
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body predominant under our conditions skin grafting, then would not 
surprising that removal the spleen was without effect. 

Langen (1943) has reported that splenectomy the rabbit followed 
granulocytes. Other workers (e.g., Downs, Dury, 1950) also assume that 
the total white cell count increased. Langen suggests, did Singer, 
Miller and Dameshek (1941), that removing normal inhibitory mechanism, 
perhaps hormonal nature, splenectomy permits the release granulocytes 
from the bone marrow. Our figures not suggest that the changes the 
count are anything more than the normal concomitants operative trauma, 
conclusion reached earlier Mole (1925) rather fragmentary evidence. 

Ungar al. (1951) concluded from their experiments that the spleen was 
necessary mediator some the effects cortisone. Using variety measures 
for assessing the effectiveness cortisone, which differ from those employed 
Ungar al., have been unable show, different species animal, 
that the activity cortisone any way curtailed the absence the spleen. 
useful explanation this difference can offered. would perhaps 
interesting see whether Splenin can modify the response rabbit skin 
homografts. 


SUMMARY. 


Removal the spleen rabbits does not interfere with the normal evolution 
the immunity reaction which homografts skin are destroyed. 

The prolongation the survival time skin homografts that follows treatment 
with cortisone also uninfluenced splenectomy. 

Changes the leucocyte count after splenectomy are only concomitants 
operative trauma. 


The cortisone acetate (Merck) used this study was provided the Medical 
Research Council. 
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WHEN histological sections are stained with certain basic dyes, some tissue 
components assume colour which differs from that the dye. This phenomenon 
was called Ehrlich. Subsequently, this property has 
been found particularly characteristic mucopolysaccharides. 

The intensity metachromasia may vary certain circumstances. For 
example has been reported (i) the metachromatic staining the inter- 
cellular material normally demonstrable granulation tissue reduced absent 
scorbutic animals (Penney and Balfour, 1949) and can abolished treatment 
normal granulation tissue with the hyaluronidases (Campani and Reggiani, 
1950) (ii) the intensity metachromasia the ground substance connective 
tissues varies with altered functional states (Gersh, 1951) (iii) mucins elaborated 
various mucus-secreting tumours differ the intensity their metachromasia 
(Lennox, Pearse and Richards, and (iv) the metachromasia the ground 
substance cartilage varies intensity with ageing (Loewi, 1953). 

has been suggested repeatedly that this variation the intensity meta- 
chromasia may connote depolymerization the mucopolysaccharide components 
the tissues (Gersh, 1951 Lennox al., 1952 Loewi, 1953). 

Quantitative studies the interaction between the basic thiazine dye toluidine 
blue and number synthetic and naturally-occurring acidic polysaccharides 
were undertaken investigate the physico-chemical mechanism metachromasia 
and, particular, investigate the above-mentioned hypothesis. 


MATERIALS. 
Derivatives dextran. 


Dextran complex glucose polymer consisting, the natural state, many hundreds 
glucose units. Partial acid hydrolysis native dextran and fractionation with acetone 
yield series dextrans differing mean molecular weight (and therefore extent 
polymerization) judged differences intrinsic viscosity. From dextrans derived 
this way three series derivatives were prepared 

(a) Dextran sulphates.—Esterification was effected treatment the dextran with 
acid pyridine followed isolation the dextran sulphate the sodium 
salt each case. The chemical, physical and biological characteristics these compounds 
have been described previously (Ricketts, Walton, 1952, 1953). 

(b) Carboxymethyl dextrans.—The dextran fractions were treated with monochloracetate 
and sodium hydroxide and the dextrans isolated the sodium The 
number carboxyl groups per glucose unit the products was estimated approximately 
from the percentage copper copper salt formed from each compound. 
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Heparins. 
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(c) Carboxymethyl dextran carboxymethy] dextran was converted 
pyridine salt passage through cation exchange resin and neutralization with pyridine. 
The pyridine salt was isolated dry powder and sulphated the same way the dextran. 


The following preparations were employed (a) International Standard heparin, kindly 
supplied Dr. Perry, Director the Bureau Biological Standards, National 
Institute for Medical Research, London; (b) (Evans) batch no. N10090, and 
(c) Heparin (Lederle) batch no. The two last compounds were the form 


their sodium salts. 


Chondroitin sulphate. 
sample purified material was kindly supplied Dr. Dyke, Evans Biological 
Institute, Runcorn, Cheshire. 


Hyaluronic acid. 
purified sample was kindly provided Dr. Boscott, Department Anatomy 
University Birmingham. 


Miscellaneous synthetic polysaccharide sulphuric esters. 

The following preparations were obtained through the courtesy the individuals named 
Xylan sulphate (‘‘ Thrombocid Marx, Medica] Clinic the University Munich. 
Xylan sulphate Wayne, Department Pharmacology, 
Sheffield University. Polymannuronic acid (alginic acid) sulphate Paritol 
Wallace, Smith, Kline and French, Inc. Polygalacturonic acid (pectin) sulphate (‘‘ Tre- 
buron Berger, Roche Products, Ltd. Chitin sulphate—Dr. Barnes, Sharp 
and Dohme, Inc. Some the chemical and physical characteristics the above compounds 
are shown Table 


TABLE and Properties Reagents Used. 


Specific 
Biological optical 
Compound. source. Per cent Per cent rotation. 
International standard heparin tissue 4-33 12-45 
Heparin (Evans batch no. N10090) Bovine lung 1-96 8-61 
128) 
cartilage 
umbilical cord 
Chitin sulphate Crab shells 2-81 12-0 —23-7° 
Alginic acid sulphate Seaweed 11-2 —64-7° 


Determination made sample after removal small amount insoluble material. 


Toluidine blue. 


has been shown Ball and Jackson (1953) that commercial samples this dye vary 
composition and their capacity give satisfactory metachromasia histological use. 
Toluidine blue (Colour Index no. 925), batch no. 008480, supplied Hopkin and Williams, 
London, was found satisfactory for histological purposes. The nitrogen content 
this sample, determined the method, was 8-41 per cent, equivalent 
per cent toluidine blue. Chromatographic separation the method Ball and Jackson 
showed that the metachromatic activity resided three fractions which could differen- 
tiated easily from contaminants which showed little affinity for the acidic polysaccharides 


examined. 
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The (impure) dye was used, except where otherwise specified, per cent 
(w/v) solution 0-01 containing per cent (w/v) sodium chloride. 

Spectrophotometric measurements were made the Unicam Spectrophotometer Model 
(Cambridge Instrument Co.) using cm. glass 

Absorptiometric measurements were made the Spekker Photo-electric Absorptiometer, 
Type H760 (Hilger and Watts, Ltd.) using cm. glass cells and Ilford 607 (orange) filters. 


RESULTS. 


Effect Solutions Acidic Polysaccharides Toluidine Blue. 


adding increasing concentrations naturally-occurring sulphated 
polysaccharide, such heparin, constant dilute concentration (0-005 per 
cent) toluidine blue, the colour the dye changes from blue through purple 
reddish-violet. Examination the mixtures spectrophotometer shows 
accompanying alterations the absorption-curve (Fig. 1). will seen that 


blue-| red 
green 


Wavelength (mu) 
the absorption curve toluidine blue (final concentration 0-0025 per 


cent 0-2 per cent sodium chloride 2-04) the addition varying concentrations 
heparin. 
toluidine blue solution alone. 

toluidine blue solution heparin. 
toluidine blue solution ug. heparin. 


the dye solution alone shows maximal absorption the longer wave-lengths 
(of orange and red light) and transmission the shorter wave-lengths, hence 
appearing blue. The peak the absorption curve occurs 630 adding 
heparin the absorption curve alters with increase heparin concentration 
that successively more intense absorption yellow and then green light occurs. 
The eye therefore sees the complementary colours, purple, and then red. New 
absorption maxima occur about 590 and between 560 and 540 my. 

Similar changes were found occur with other acidic polysaccharides (dextran 
sulphate, chondroitin sulphate) but differences were noted the heights the 
peaks 630 band), 590 band) and between 560 and 540 band) 
with equal weights these compounds. 


230 WALTON AND RICKETTS 


With high concentrations strongly-charged acidic polysaccharides the 
metachromatic complex precipitates from solution.. allowed stand, the 
particles the precipitate sediment and the supernatant solution can seen 
markedly decolourized. The altered solubility the substrate-dye complex 
can also demonstrated low concentrations added acidic polysaccharide 
shaking the mixture with petroleum ether. The metachromatic bound 
component separates layer the interface leaving the unbound dye 
solution. Spectrophotometric examination the aqueous phase then shows 
absorption curve similar that the dye alone, but the peak the 
diminished amplitude compared with the peak the original dye solution. 
The difference between the optical density the treated solution and that 
the original thus measure the amount dye bound the metachromatic 
complex. 

This the basis MacIntosh’s (1941) method which series mixtures 
varying concentrations acidic polysaccharide with constant concentration 
dye treated this way. When this method was used and the concentration 
substrate was plotted against the percentage the dye bound, different slopes 


Per cent dye combined 


Concentration acidic polysaccharide 


Fic. 2.—Relation between the concentration acidic polysaccharide added and the amount 
dye bound and removed from solution petroleum ether extraction. 


were obtained for different acidic polysaccharides (Fig. 2). facilitate quanti- 
tative comparison the metachromatic activity these compounds, preparation 
heparin was adopted arbitrary standard. From the data plotted 
Fig. the concentration (s) the standard heparin relative that (¢) any 
other acidic polysaccharide giving the same colour change could obtained. 
Comparison series ratios (s/t) obtained from varying percentages dye 


100 
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bound any given acidic polysaccharide showed that, most cases, the ratios 
were constant within 2—5 per cent over the linear portions the curves. Where 
greater variation occurred, the highest value was taken. The heparin 
standard was assigned arbitrary value 100 colour units. The metachromatic 
activity other compounds was then expressed these units simple derivation 
from the value the ratio s/t (e.g., the ratio s/t for heparin and compound 
was the metachromatic activity compound was expressed colour 
units). 


Comparison Metachromatic Activity Acidic Polysaccharides. 


Using the method outlined above, experiments were designed investigate 
the molecular characteristics influencing metachromatic activity. Derivatives 
dextran were employed for the initial experiments since these compounds were 
characterized regards their degree polymerization and the nature and number 
their acidic groups. 

Experiment 1.—A dextran fraction containing about twenty glucose units was 
sulphated varying degrees. The metachromatic activity the resulting 
series compounds was estimated. metachromatic activity depended solely 
upon the degree polymerization given sulphated polysaccharide, these 
compounds might have been expected exhibit equal activity since they all 
originated from the same parent dextran. However, became evident that 
they did not show equal activity. relating their metachromatic activity, 
the other hand, the extent their sulphation, linear relation was found 


(Fig. 3). 
160 
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Metachromatic activity (colour units) 


Sulphur content per cent) 


3.—Relation between metachromatic activity and sulphur content series dextran 
sulphates prepared from the same parent dextran (containing about glucose units) but 
varying their degree sulphation. 
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Experiment compounds used Exp. were paired with other dextran 
sulphates approximately equal sulphur content but widely different degrees 
polymerization. The metachromatic activity these pairs was compared 
(Fig. 4). will seen that the compounds with equal sulphur content showed 
equal metachromatic activity regardless the divergence molecular size 
between the components each pair. 
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Metachromatic activity (colour units) 


Sulphur content (per cent) 


Fic. 4.—Relation between metachromatic activity and sulphur content pairs dextran 
sulphates approximately equal sulphur content but differing degrees polymerization. 

Dextran sulphates containing approximately glucose units. 
Dextran sulphates varying molecular size. The number beside each point 
indicates the approximate number glucose units the compound. 


Experiment 3.—This experiment was undertaken see whether the relation 
between sulphur content and metachromatic activity found the previous 
experiments held good over even wider range variation sulphur content 
and molecular size. range glucose polymers was investigated which varied 
sulphur content between 2-15 and per cent and size from glucose sulphate 
dextran sulphate containing approximately 6000 glucose units. Once more, 
linear relation was obtained between sulphur content and metachromatic 
activity for compounds containing between 6000 and glucose units (see Fig. 5). 
But sulphate esters the trisaccharide (malto-triose), the disaccharide (maltose) 
and monosaccharide (glucose) showed progressively further from the 
curve obtained for the higher polymers. 

The whole range compounds showed some heparin-like activity 
vitro. But compounds containing glucose units showed only transitory 
anticoagulant activity vivo, presumably because they were almost immediately 
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excreted the urine (Ricketts, 1952b). may assumed that such compounds 
would diffuse equally readily through other capillary membranes and would 
therefore not demonstrable the tissues ordinary histological methods. 
From this follows that the metachromatic activity larger non-diffusible 
compounds which would demonstrable histologically would not indicate 
their degree polymerization. 


— 


— 


Sulphur content per cent) 


5.—Relation between metachromatic activity and sulphur content range glucose 
polymers varying molecular size. The number beside each point indicates the approxi- 
mate number glucose units the compound. 


Influence the Nature the Acidic Radicle. 


Sulphate groups are not the only acid radicles responsible for metachromasia. 
Other workers have shown that polyphosphates (Wiame, 1947; Weissman, 
Carnes, Rubin and Fisher, 1952) and silicates (Kelley and Miller, Merrill, 
Spencer and Getty, Curran, 1953) are also effective. Wislocki, Bunting 
and Dempsey (1947) and Meyer (1947) reported that hyaluronic acid (in which 
carboxyl groups were the only acidic radicles present) was metachromatic 
high concentrations. Another experiment was undertaken compare the activity 
polycarboxylates and polysulphates. 

Experiment 4.—In this experiment, the metachromatic activity three 
glycollic acid ethers dextran (carboxymethyl dextrans) and sample 
purified hyaluronic acid, was compared with that the standard heparin. The 
toluidine blue solution was used, before, 2-04, and also barbiturate 
buffer 7-3 (Michaelis, can seen from Table that, 
2-04, the carboxylated dextrans showed some activity but that obtain 
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absorption band, concentrations several hundred times greater than those the 
corresponding sulphate esters were necessary. 


Activity Carboxylated Polysaccharides 
Compared with that Heparin. 


Average number Colour value. 
Compound. COOH per 
glucose units. glucose unit. 2-04. 
dextran 1350 0-79 0-10 0-24 
100-00 100-00 


The sample hyaluronic acid showed slightly greater metachromatic activity 
than the carboxylated dextrans. This sample hyaluronic acid was found 
sulphur-free the method analysis used, but Sylvén and Malmgren (1952) 
using method analysis for sulphate great sensitivity demonstrated that 
traces sulphate-containing polysaccharides (?chondroitin sulphates) are 
common contaminants hyaluronate preparations. possible that slight 
contamination this sort might have accounted for the present findings. Sylvén 
and Malmgren also showed that with increased purification hyaluronate and 
decrease sulphur content, there was direct relation with decrease the 
intensity metachromasia. 

the metachromatic activity the polycarboxylates was approxi- 
mately double that 2-04 but was still very considerably less than that 
the polysulphates. Once again appeared that the number acidic groups 
rather than the extent polymerization was the factor determining the intensity 
metachromasia. 


Investigation Miscellaneous Polysaccharide Sulphuric Esters. 


The naturally-occurring mucopolysaccharides are not simple hexose 
pentose polymers but conjugates containing uronic acids and amino-sugars. 
order investigate whether the structure the parent polysaccharide itself 
influenced metachromatic activity and see whether the results obtained with 
the dextran sulphates were applicable the sulphuric esters more complex 
mucopolysaccharides, the following sulphated compounds were investigated 
(a) Pentosans—two preparations xylan sulphate; (b) Naturally-occurring 
polyuronic acids—polygalacturonic acid sulphate and polymannuronic acid 
sulphate (c) Synthetic polycarboxylates—sulphate esters the carboxymethyl 
dextrans used Exp. (d) Naturally-occurring conjugates hexuronic acid 
and hexosamine—two samples heparin and sample chondroitin sulphate 
(e) naturally-occurring polymer glucosamine—chitin sulphate. 

Experiment 5.—The sulphur contents these compounds and their metachro- 
matic activities were estimated the methods previously employed. The result 
plotting metachromatic activity against sulphur content was compared with 
the result obtained Exp. for the dextran sulphates (Fig. 6). The points 
representing the activity these very diverse compounds did not fall exactly 
upon the curve obtained for the dextran sulphates but seemed clear that 
similar relation held good. 
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acid sulphate 
Chitin sulphate 


Pol uronic 
acid sulphate 


Carboxymethyl 


dextran sulphate 


Metachromatic activity (colour units) 


Sulphur content (per cent) 
Fic. 6.—Relation between metachromatic activity and sulphur content various polysacc- 


haride sulphuric esters. The interrupted line the slope previously obtained for the dextran 
sulphate series, for comparison. 


The Nature the Dye-substrate Interaction. 


The observations MacIntosh (1941), Jaques, Bruce-Mitford and Ricker 
(1949) and Weissman al. (1952) that slight alterations ionic composition 
and concentration, pH, temperature and the dielectric constant affect the produc- 
tion metachromasia, were confirmed during the present investigation. The 
effect very high concentrations the acid polysaccharide itself apparently 
reversing metachromasia illustrated Table ITI. 


Excess Dextran Sulphate the 


Metachromatic Reaction. 
Dextran 
sulphate 200 100 1-6 0-8 0-0 
(mg./ml.). 
Blue Purple Reddish Purple Purple Blue 

ml. 0-005 per cent toluidine blue 2-04 added doubling dilutions dextran sulphate 

ml. vols. per cent NaCl. 


has been suggested that these factors operate interfering with weak 
intermolecular forces causing aggregation the dye molecules. Michaelis 
(1947) noted that toluidine blue departed from the Beer-Lambert Law showing 
alterations its absorption curve with concentration, and suggested that these 
alterations were due progressive polymerization the dye molecules. 
observed that, with increasing concentration, the dye showed maximal absorption 
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first 630 band), then 590 band) and then successively between 
540 and 520 band) and suggested that the band represented the mono- 
meric form the dye, the band the dimeric form, and the wide band succes- 
sively higher dye polymers. The resemblance between these changes the 
absorption curve with simple increase concentration and those occurring 
the addition anionic polyelectrolytes led Michaelis propound the following 
hypothesis concerning the mechanism metachromasia: that interaction 
occurs between the acidic groups the substrate and the basic primary amine 
groups the dye with the formation ordinary salt linkages. This itself does 
not necessarily result metachromasia absorption bands). But when the 
structure the dye and the substrate allow the bound molecules come into 
close proximity, loose association occurs van der Waal’s forces between 
adjacent dye molecules (perhaps way interposed water molecules) thus 
bringing about virtual polymerization the dye. 

fact metachromasia were dependent, suggested Michaelis, 
polymerization the dye its aggregation selected sites upon the substrate, 
would expected that this process would more marked with increase 
polymerization the substrate. From the present results seems clear that, 
over fairly wide range, the degree polymerization the polysaccharides 
examined does not influence the intensity metachromasia. 

The data from the present experiments allowed calculation the nature 
the interaction molecular basis. was assumed that interaction occurred 
between the sulphate radicles the dextran sulphates and the primary amine 
groups the dye. The sulphur contents random selection dextran 
sulphates varying molecular characteristics, and the nitrogen content the 
dye sample used, were estimated. was thus possible compare the actual 
weight toluidine blue found experimentally bound given weight 
each the various dextran sulphates with the theoretical weight dye which 
should coupled this weight dextran sulphate. This calculation was 
performed assuming that one atom sulphur (in each sulphate group) reacted 
with one nitrogen atom (per amine group) and repeated assuming 3N, 
etc. (Table IV). was found that good agreement occurred between 
the calculated and experimentally determined figures only when the reacting 
groups were assumed contain one sulphur atom and three nitrogen atoms 


Calculated and Experimentally Found Weights 
Toluidine Blue Bound yg. Various Dextran Sulphates. 


Degree Toluidine blue bound 
Dextran polymeri- 
sulphates zation Sulphur Predicted weight, assuming 
serial (glucose content Experimen- 
D/3 350 15-4 64-5 96-8 193-5 


Calculated values assume interaction various proportions between sulphur atoms (in sulphate 
groups polysaccharide) and nitrogen atoms (in amine groups dye). 
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respectively (Table and Fig. 7). Since the molecule toluidine blue contains 
three nitrogen atoms (Fig. 8), this was interpreted implying coupling 
single molecule the dye each acidic group the substrate. 

This agreement with the later views Michaelis (1950) who conceded 
that monomolecular distribution the dye over the negatively charged sites 
the colloid was more likely than the formation polymolecular dye micelles. 
Levine and Schubert (1952a, have criticized the earlier hypothesis Michaelis 
data derived from equilibrium dialysis thiazine dyes and various anionic 
polyelectrolytes producing metachromasia and have shown (Schubert and Levine, 
1953), conductiometric method, that correlation can demonstrated 
between dye-binding and the intensity metachromasia. 


250 


_ 


blue (calculated) 


toluidi 


200 
toluidine blue (experimentally found) 


Fic. calculated and experimentally found weight toluidine blue (in 
combining with various dextran sulphates assuming interaction occurs between 
one sulphur atom (per sulphate group) and three nitrogen atoms (per molecule toluidine 
blue). The continuous line the theoretical correlation. The plotted points indicate the 


values found. 


Fic. 8.—Structural formula toluidine blue-O (from Conn, 1946). 
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1350 


DISCUSSION 


Lison (1935a, suggested that the metachromatic reaction consisted essen- 
tially the formation the tautomeric imino-base the dye accompanied 
increased molecular aggregation and was characteristically brought about 
only organic macromolecular substances containing ester sulphate radicles. 
The present findings confirm those quoted earlier showing that other acidic 
radicles may also effect metachromasia and suggest that the intensity the 
reaction related the extent dissociation these radicles. was shown 
Exp. that the intensity metachromasia produced polycarboxylates was 
feeble relative that produced the polysulphates, this level 
the carboxylate radicle only slightly dissociated whereas the sulphate radicle 
highly dissociated. Increase 7-3, bringing about further dissociation 
the carboxylate group, resulted increase metachromasia, but even this 
level the degree dissociation the carboxylate radicle considerably less than 
that the sulphate group, accounting for the difference observed. 

From these experiments would appear that and ionic strength affect the 
formation the salt linkage between dye and substrate. Inorganic sulphates 
and even certain organic sulphonates such polyanethol sulphonate Liquoid 
though they undoubtedly bind toluidine blue, not produce any colour change 
(MacIntosh, 1941). seems, therefore, that simple combination with the dye 
not enough produce metachromasia. The remaining factors known 
influence this colour change (alteration temperature, electrolyte colloid 
concentration the dielectric constant) are those which are known affect the 
solubility and state aggregation hydrophilic colloids (Glasstone, 1947). 

With simple inorganic salts high solubility, although dye-binding occurs, 
colour change observed. But with anionic polyelectrolytes, once certain 
threshold molecular size exceeded (in glucose polymers, when the compound 
consists more glucose-units), the dye-substrate complex acquires the 
properties hydrophilic colloid and aggregation the dyed molecules pro- 
duces colour change similar that seen with simple increase concentration 
the dye itself. 

this basis, the reversible inhibition metachromasia which occurs 
altering certain environmental factors the reaction might explained 
follows thermal agitation the molecules (increase temperature), displace- 
ment the water hydration the molecules and alteration the conductance 
the solution (alteration the dielectric constant) the addition alcohol 
increase electrolyte concentration, would inhibit metachromasia not only 
influencing the dissociation the primary reacting groups but also inter- 
ference with the weak intermolecular forces causing association the dyed 
molecules. the other hand, the inhibition metachromasia considerable 
excess substrate (Table II) would due competition between molecules 
the substrate for dye molecules. result, the relatively few substrate 
molecules binding dye would greatly outweighed undyed molecules 
substrate. Aggregation substrate molecules would thus not accompanied 
colour change. 

histological use, metachromasia occurs heterogeneous systems involving 
many complex variables which have not been considered these experiments. 
particular, account has been taken the modifying influence protein 
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conjugated with mucopolysaccharide, though may assumed that such 
protein-polysaccharide association usually present the tissues. has been 
shown French and Benditt (1953) that dye-protein competition may occur when 
mucopolysaccharides are stained with basic dyes, that, the presence 
protein, the acidic character the polysaccharide and hence the intensity 
its metachromatic reaction may partly completely masked. these 
circumstances the optimal dye-binding the mucopolysaccharide may 
determined the associated protein and reflect the competition between 
dye and protein for the acidic groups the polysaccharide, rather than the 
dissociation characteristics the acidic groups the polysaccharides themselves. 
Similar conclusions were reached Hamerman and Schubert (1953) who studied 
the metachromasia hyaluronate and chondroitin sulphate the presence and 
absence added protein. 

The findings these authors, conjunction with those the present 
investigation suggest (a) under experimental conditions, tissue compo- 
nents show decreased metachromasia, this may mean 

(i) Decrease concentration the acidic polysaccharide 
(ii) Loss acidic groups binding acidic groups protein 
Disruption the molecular structure the acidic polysaccharide 
or, least, degradation diffusible fractions 
but not partial depolymerization the polysaccharide. 
Conversely, increased metachromasia occurring under similar conditions 
may mean 
(i) Increased concentration the acidic polysaccharide 
(ii) Increase the number acidic groups their unblocking 
dissociation protein-mucopolysaccharide complex 
but not increase polymerization the polysaccharide. 


SUMMARY 


The determinants the intensity metachromasia have been investigated 
quantitative measurements the interaction between toluidine blue and 
different series acidic polysaccharides. The latter compounds varied (a) 
the extent their polymerization, (b) the number and nature the attached 
acidic radicles, and (c) the nature their component saccharide units. 

was found that the intensity metachromasia directly related the 
number and the dissociation characteristics the attached acidic radicles 
but not the nature, disposition number the constituent units for glucose 
polymers containing more than four saccharide units. 

suggested that metachromasia not dependent the extent poly- 
merization the dye molecules the surface the substrate nor the extent 
polymerization the acidic polysaccharide itself but the solubility 
characteristics the dye-substrate complex. 

The significance these results relation the interpretation alterations 
metachromasia histological use discussed. 


abridged account this investigation formed part communication 
given one (K. W.) before the Royal Society Medicine October 20, 
1953. are obliged the Society for permission publish the present 
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communication this form. are grateful Professor Squire and 
Dr. Gilbert for their suggestions, comments and criticisms the manuscript, 
and Mr. Hazlewood for the preparation the illustrations. 
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réle nucleoproteins immunological processes has not been widely 
investigated apart from work carried out relatively ill-defined substances, 
and little information available about the possibility nucleic acids taking 
part serological reactions. Various workers have reported precipitin reactions 
between nucleic acids and antibacterial immune sera (Menzel and Heidelberger, 
Pennell, 1940), but from the literature information can obtained 
decide whether nucleic acids are capable producing antibodies when injected 
into animals. Lackman, Mudd, Sevag, Smolens and Weiner (1941) injected 
rabbit with streptococcal nucleic acid, presumably the pentose type, but the 
antiserum obtained did not give precipitin reaction with the homologous 
material. 

The present paper describes attempt clarify some the problems 
the immunology deoxypentosenucleic acids (DNA) and includes studies 
their antigenic activity and serological specificity. Most the work has been 
done with DNA from the calf thymus. The extractions were carried out 
low temperature and alkali acid have been used. Our experiments indicate 
that purified deoxypentosenucleic acid antigenic and that the specificity 
the antigen varies with the tissue origin. Further experiments have shown 
that the antigenic activity due the nucleic acid and not traces protein. 
plan the work shown Fig. 


MATERIALS AND METHODS. 


Preparation Deoxypentosenucleic Acid. 
From calf thymus (preps. T,, 

Fresh thymus gland was extracted with 0-14 remove pentosenucleoproteins, 
and then with solution (Mirsky and Pollister, 1946). This extract was centrifuged 
until clear, and diluted with distilled water concentration The pre- 
cipitate nucleoprotein was dissolved and re-precipitated before. After 
M-NaCl, the nucleoprotein solution was treated with alcohol 
(10-15 times) and the protein gel formed removed each time (Sevag, 1934). When 
more gel appeared, the DNA was precipitated from solution with absolute ethanol (1-5 vol.). 
After re-dissolving, the nucleic acid was precipitated again with ethanol and then dissolved 
distilled water. The solution was dialysed and freeze dried. 
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Calf thymus gland tissue 

Extr. with 

0-14 Cell nuclei 


Supernatant 
liquid 
(Pentosenucleo- 
proteins, etc.) 


Extr. with 
m-NaCl 


Residue Supernatant 
(cellular liquid 
proteins, etc.) 


Diluted 
Calf serum 0-14 
tested cross- 
reaction only 


Deoxypentosenucleoprotein 


Extr. with Chloroform 
0-2 n-HCl alcohol 
treatment 


Supernatant 


liquid 
Acid treated 
deoxypentose- Histone- 
acid 


Supernatant Protein 


liquid chloroform 
gel 


Split with 
Ethanol 


Precip. with 
ethanol 


Mixed 


Deoxypentose- 
proteins 


nucleic acid 


NaOH 


Ultrasonic 
waves 


Ultrasonically 
degr. DNA 


Deoxypentose- 
nuclease 


Enzyme 
degr. DNA 


Alkali 
degr. DNA 
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From other tissues. 


DNA was obtained from the following sources: soft herring roe, wheat germ, spleen 
and mouse sarcoma. The deoxypentosenucleoprotein from soft herring roe was isolated 
Mirsky and Pollister’s method (see above), but was precipitated with ethanol and the 
protein removed saturation with NaCl (Hammarsten, 1924). 

The three other deoxypentosenucleic acids were isolated the method described for 
DNA from calf thymus. 


From bacteria. 


DNA from Mycobacterium phlei and from Mycobacterium tuberculosis was prepared 
extracting the bacteria with water precipitation the nucleoproteins cetyltrimethyl- 
ammonium bromide complex (Jones, 1950) and de-proteinisation Sevag’s process. 
and pentosenucleic acid were then separated fractional precipitation with cetyl-trimethyl- 
ammonium bromide. 


Other Materials from Calf Thymus. 


Deoxypentosenucleoprotein (preps. P,, protein was obtained during the 
preparation the DNA (see Fig. 1). Some the nucleoprotein solution was precipitated 
dilution with six vol. distilled water, centrifuged, dialysed against distilled water and 
freeze dried. 

Histone (preps. H,, H;).—Nucleoprotein, prepared described, was extracted 
grinding with for hr. The liquid extract was decanted, centrifuged, dialysed 
against distilled water and the histone freeze dried. 

Acid extracted nucleic acid (prep. material left after extraction the histone 
was treated twice with more 0-2 the last extraction being continued overnight. The 
residue was dialysed against distilled water for hr. and freeze dried. 

Mixed (prep. My).—A portion the gel collected during the preparation 
the DNA was washed twice with distilled water and then ground with absolute ethanol, 
until the chloroform and alcohol had been removed. The protein was dried between 
filter paper, suspended distilled water and freeze dried. 

DNA degraded deoxypentosenuclease (preps. from 
pancreas was used (McCarty, 1946). DNA (0-25 g.) dissolved 0-005 magnesium 
sulphate was treated with 2-5 mg. enzyme. The mixture was kept 27° and 
and the viscosity measured. After hr. the viscosity had fallen 3-0 (water 1-0) 
and the solution was filtered and freeze dried. Two controls were one was the 
nucleic acid treated with saline, and the other histone treated with enzyme. 

DNA degraded preparations were made 

(1) DNA solution (prep. T,), obtained from the Sevag procedure, was adjusted 
8-5 with n-NaOH and then treated twice with alcohol mixture 
Waring blender. The nucleic acid left was precipitated with absolute ethanol (1-5 vol.), 
re-dissolved M-NaCl and re-precipitated. Finally was dissolved water, dialysed 
against distilled water for hr. and freeze dried. This preparation gave clear viscous 
solution water. 

(2) freeze dried DNA (T,) was dissolved and the brought 
8-5 with The mixture was left for hr. which was the time T,, had been kept 
alkaline. The nucleic acid was then precipitated with ethanol, dissolved, dialysed and 
freeze dried. was water soluble. 

(3) DNA (T,) was treated with for hr., neutralised 
with and the solution used the serological test. solution histone was also 
treated with alkali control (prep. 

(4) solution T,, 0-85 per cent NaCl was treated with per cent weight 
histone dissolved water. precipitate formed fibres deoxypentosenucleo- 
protein. 

Sonically degraded DNA (preps. TS,, dried DNA was dissolved 
distilled water beaker placed oil bath over X-cut quartz crystal. The crystal 
was coupled valve oscillator (Melville and Murray, the oil bath and the 
nucleic acid solution were cooled during treatment and the viscosity the nucleic acid 
was determined before treatment and then intervals. Three preparations, different 
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degrees degradation measured their viscosities, were made and freeze dried without 
dialysis. These compounds dissolved water. 

Cell nuclei (prep. CN).—A fresh suspension thymus cell nuclei made the method 
Dounce (1943) was supplied Dr. Webb (Cambridge). receipt the nuclei were 
washed twice water acidified with few drops citric acid and were then freeze dried. 
For injection they were ground into suspension isotonic saline and injected intravenously 
into rabbits the procedure described later. 

Calf serum.—Serum was taken from fresh blood and before use was heated 56° for 
min. destroy complement. 


Analytical Methods. 


The samples were dried vacuum (20 mm. Hg.) over phosphoric oxide 110° and 
then weighed quantities were dissolved distilled water. 

Phosphorus was estimated the method Allen (1940) modified Jones, Lee 
and Peacock (1951). 

Nitrogen was estimated the micro-Kjeldahl method (Markham, 1942). 

Ultraviolet absorption spectra were determined Unicam spectrophotometer. The 
absolute values (Table are the atomic extinction coefficients with respect phosphorus 
(Chargaff and Zamenhof, 1948). 

Pentosenucleic acid was estimated the method Euler and Hahn (1946) using 
Spekker absorptiometer (Ilford filter 607). standard curve was obtained from purified 
sample yeast nucleic acid. 

Viscosity measurements.—The nucleic acids were dried vacuum (20 mm. Hg.) over 
phosphoric acid 60°. The viscosity 0-05 per cent solution distilled water was 
then measured Ostwald viscometer 25° (Table the experiments enzyme 
and ultrasonic degradation DNA the viscosities 0-15 per cent solutions were measured 


37°. 


Methods. 


Antisera. 

Adult rabbits both sexes were used for the production sera. the antigen mg. 
were injected intravenously three successive days one week and this dose was repeated 
the two following weeks, making total mg. The antigens were dissolved isotonic 
saline water, and were not sterile but all containers and solvents were sterile and all solu- 
tions for injection were made only when needed and were kept the refrigerator until 
used. One rabbit died from what might have been bacterial infection, the rest remained 
healthy. Eight days after the last injection the rabbits were starved for hr. and then 
bled. The blood was allowed clot room temperature, left overnight and the 
serum removed after centrifuging. Sera were tested within week bleeding. Control 
sera were obtained from normal healthy rabbits. 

Rat antisera were made because the deoxypentosenuclease rabbit blood (Greenstein 
and Jenrette, 1941) might act the injected nucleic acid and prevent antibody formation. 
Seven white rats (150 g.) were used and equal number kept controls. The test animals 
were given three doses mg. calf thymus DNA intravenously and then mg. intra- 
peritoneally three successive days each week for two weeks. One week after the last 
injection the animals were bled heart puncture, and the sera each group pooled. 


Precipitin tests. 
These were carried out using the antigen dilution technique. The tubes were incubated 
for hr. 37° and left for one week. 


Complement fixation. 

Each volume the haemolytic system contained per cent sheep red blood corpuscles 
and M.H.D. haemolysin. Guinea-pig sera preserved Richardson’s method (Mackie 
and McCartney, 1948) were the source complement. Immune sera were inactivated 
heating 56° for min., and were tested for the presence Forssman antibodies 
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incubation with complement and sheep red blood corpuscles. both normal and immune 
sera small amount haemolysis occurred, presumably caused natural antibodies, but 
there was evidence Forssman antibody any serum, The natural antibody was not 
removed absorption appeared constant amount. Normal control sera were 
chosen which had the same anticomplementary effect the test sera. Some the antigens 
were slightly anticomplementary the absence serum but this did not matter when the 
antigen dilution method was used, because constant amount serum was present. The 
histones were most anticomplementary and the strongest concentration used was 1/800. 


The test. 


Two complement titrations were done. one the reagents were added the beginning 
and the titre read after min. other was performed the presence antigen 
(usually diluted 1/200) and normal serum (diluted 1/2) which had the same anticomple- 
mentary effect the antiserum tested. These reagents were incubated for min. 
37° and left for min. room temperature. The haemolytic system was added, the 
tubes re-incubated and the titre read. The amount complement used the test was 
the sum the M.H.D. both methods, excess one ordinary M.H.D. This gave 
neither false positives nor doubtful controls. 

The antigen dilution technique has been most used. All the reagents except the haemo- 
system were mixed and incubated 37° for min. After min. room temperature 
the haemolytic system was added, the tubes re-incubated 37° for min. and the results 
read. The titre was taken the highest dilution which gave any fixation. 

compare different antisera against the same antigen, the antiserum dilution method 
was used with constant amount antigen each tube. The antisera were diluted with 
normal serum counteract the anticomplementary effect the antigen which would. 
otherwise have increased the sera were diluted. 


Active 

This was tested ten guinea-pigs. The shocking dose was mg. intravenously, this 
being the largest amount nucleic acid which could dissolved ml. isotonic saline, 
and larger volume was considered undesirable. Two the animals were sensitised 
repeated subcutaneous injections (Kabat and Mayer, 1948) and the others single intra- 
venous subcutaneous injection. The sensitising dose varied from mg. 


Passive anaphylaxis. 


Six guinea-pigs were sensitised one intravenous injection rabbit antiserum (titre 
1/12,000, antigen dilution method). shocking dose mg. the same calf thymus 
DNA which had been used produce the antiserum was given intravenously hr. after 
the sensitising dose. 


RESULTS. 


The results the chemical analyses are given Tables The enzyme 
treated DNA, the sonically degraded products and T,, and were not analysed 
because they were not precipitated nor dialysed. All the nucleic acids were 
tested for protein the Millon and Sakaguchi tests which were negative and 
the chemical evidence indicated that even trace amounts protein were absent. 
Treatment with alkali and further extraction (T,,) with alkali 
alone increased slightly the phosphorus content that little impurity 
may have been removed though such technique would tend decompose the 
All the sera were tested for precipitins with the homologous antigen but 
none were detected. 
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Deoxypentose- 
nucleic acid. 


Calf thymus 


” ” 2 

” (T,) 
Herring 
spleen 
Mouse sarcoma 
Wheat germ 
tuberculosis 
Myco. 


Nitro- 
gen 
content 
(per 
cent). 
13-5 
12-9 
14-6 
13-4 
12-0 
12-7 
13-7 
10-8 

11-7 


Histone HCl 


Antigen. 


Calf thymus DNA. 


Titre. 


25,600 
6,400 
6,400 

12,800 
6,400 

12,800 

25,600 

25,600 


Phos- 
phorus 
content 
(per 
cent). 
8-10 
8-65 
8-20 


25° andac 


oO 


ow 
ow 


Pentose- 


nucleic 
acid 
content. 


Ole 
0-100 


. 
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I.—Chemical Properties Deoxypentosenucleic Acid Preparations. 


Ultraviolet absorption. 


3,750 
3,600 
3,350 
3,250 
3,070 
3,200 
3,550 
3,150 
3,500 
3,200 


per cent. 


Fractions from Calf Thymus. 


Deoxypentose-nucleoprotein 


DNA treated with NaOH and precipitated 


Antigenic activity nucleic acid. 

All the nucleic acids could produce, rabbits, immune sera which would 
fix complement when tested against the homologous material (Table III). The 
herring roe nucleic acid gave one negative serum and one weakly positive. 


Preparation. 


Nit 


7,800 
7,900 
7,700 
7,000 
7,500 
6,750 
7,800 
7,300 
6,550 
6,750 


and Phosphorus Content Various 


rogen 


4,850 
4,600 
4,450 
3,900 
4,100 
3,900 
4,350 
3,900 
4,430 
3,700 


(per cent). 


their Homologous Antisera. 


Herring roe. 
Antigen. Titre. 
Hr, 1,600 

Hr, 


Wheat germ. 


Antigen. 


Titre. 


3,200 
3,200 


12-6 


Reactions Nucleic Acids with 


Relative 
viscosity.* 


© 


Phosphorus 
(per cent). 


3-68 
3-12 


8-30 


8-35 


Antigen. 
Ph, 400 


The rat antisera were negative the precipitin test and gave faintly positive 
complement fixation reaction, the titre being less than 1/200 (antigen dilution). 
Only calf thymus DNA was tested this method. 
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Cross reactions.—Serum against calf thymus DNA (prep. T,) was tested and 
gave very weak cross reactions with wheat germ and mouse sarcoma nucleic 
acids (antigen titre 1/400) and reaction with four others (herring roe, beef 
spleen, Myco. phlei and Myco. tuberculosis). The calf thymus DNA (T,) was tested 
against the antisera evoked nucleic acids from wheat germ, herring roe and 
Myco. phlei but positive reactions occurred. The two bacterial nucleic acids 
were tested against antisera the whole organisms without result. The nucleic 
acid from Myco. tuberculosis did not react with antiserum against the nucleic acid 
from Myco. phlei. 


Antigenic activity nucleoprotein. 


Antisera against the nucleoprotein gave positive results, and the sera also 
reacted with the DNA and histone (Table IV). The nucleoprotein gave con- 
sistent reactions with the anti-DNA sera, although the titres were lower than 
those the homologous material. 


TABLE IV.—Serological Reactions and Cross Reactions 
Deoxypentosenucleoprotein and its Components. 


Antigen dilution titre. 


Prepara- 


Two other samples histone (H,, H;) gave detectable antibody. 


Serological properties histone. 


Antisera made the injection histone contained antibody except 
one instance where the material injected was the most impure preparation avail- 
able (see Tables When tested against anti-DNA and anti-nucleoprotein 
immune sera, histone reacted irregularly and all positive tests prozone 
reaction occurred, fixation taking place with the highest concentrations 
antigen. Precipitin tests between histone and anti-DNA sera were negative. 
The above results indicate that the purified DNA was the best and most consistent 


Results with Other Fractions. 


Cell were poor antigens reported Arneson, Goldsmith and Dulaney 
(1949) and the sera obtained reacted shown (Table V). 

Calf serum was tested against the anti-DNA sera with negative results. Pre- 
sumably calf serum proteins did not produce the antibodies found the com- 
plement fixation technique. 
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The acid extracted nucleic acid was crude preparation (phosphorus 
6-7 per cent). was antigenic (Table V), the serum reacted best with pure 
nucleic acid (T,) and gave reaction with histone. 


Reactions Thymus Cell Nuclei 
and Nucleoprotein Derivatives. 


Antigen dilution titre. 


Acid extracted (NA,,) nucleic 
Mixed protein (M,) 1,600 6,400 25,600 800 


” ” ” 


The mixed (M,) was crude nucleoprotein (phosphorus 2-4 per 
cent) and was antigenic but the immune serum reacted most strongly with histone 
and weakly with nucleic acid. 

Both these preparations (NA,, and M,) gave weak reactions with their own 
antisera, probably because they were insoluble saline and did not make good 


suspensions. 
The enzyme degraded DNA lost its immunizing activity and the 
complement-fixing titre was reduced (Table VI) but enzyme treated histone was 


not affected. 


Reactions Alkali and Enzyme Treated DNA. 


Antigen titre. 


Prepara- 
DNA alkali: 
(ii) Sevag treatment 


DNA degraded alkali.—Weak alkali and further Sevag extraction (T,,) 
resulted the loss immunizing power and fall the titre (Table 
alone (T,,) also lowered the antigen titre (to 1/400) and this was not caused 
the removal any constituent because this lower titre was obtained with T,, 
which had not been extracted with chloroform and alcohol, precipitated 
with ethanol dialysed. However, the titre the alkali treated histone 
was unaltered 1/6,400. Combination the alkali treated, Sevag extracted 
DNA (T,,) with per cent histone yielded antigenic 
preparation and serum 37, Table VI). The undegraded nucleic acid 
gave low titre with serum 37, confirming that the loss serological activity 
T,, was not due the removal histone and suggesting that the antigenic 
activity conferred the subsequent addition histone was specific for that 
substance. This view supported the poor titre (1/400) with anti- 
serum against the undegraded nucleic acid. 
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The effect supersonic vibrations shown Fig. The viscosity decreased 
parallel with the titre and the degraded products (TS,, TS,, TS,) also lost their 
antigenic activity. The least degraded preparation (TS,) reacted with its homo- 
logous antiserum titre 1/400. The others did not react. The potency 
the sera produced these preparations was determined, using the serum dilution 
technique and constant amount the undegraded nucleic acid antigen. 
The antiserum the original DNA reacted titre 1/40, while the antisera 
against the degraded materials only gave titre 1/2 complement 
inhibition test showed that the sonically treated nucleic acid TS, could prevent 
fixation complement the unaltered DNA. 


Antigen dilution. 
Viscosity curve. 


° 
> 


100 
Time treatment (minutes) 


2.—The effect ultrasonic treatment the viscosity and antigen dilution titre 
purified deoxypentosenucleic acid. 


Active anaphylaxis was not detected, but some response was observed 
the guinea-pigs passively sensitised with immune serum. The animals 
which received the larger doses serum showed the most marked effect. 
deaths occurred. The calf thymus DNA was not therefore good anaphylactogen 
although there was some passive sensitisation. 


DISCUSSION. 


The DNA showed consistent antigenic power when injected into rabbits, the 
purest preparations being most effective. The DNA antisera gave their highest 
titres with the homologous antigen and weaker reactions with the homologous 
nucleoprotein. The absence cross reactions between the nucleic acids demon- 
strates that the reactions were specific. clear that removal histone from 
nucleohistone increases the antigenic and serological activity the DNA com- 
ponent. The results with other fractions support this view. Antiserum the 
crude nucleic acid gave reaction with histone but reacted with the 
DNA while the reverse result was obtained with the denatured nucleoprotein 
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Similarly the effect alkali, deoxypentosenuclease and supersonic 
vibrations all point the nucleic acid playing the essential the reactions 
obtained. Great care was taken ascertain whether the results could due 
traces protein still present the nucleic acid. consider that the methods 
extraction, the phosphorus content and the negative qualitative tests for 
protein showed that the highly viscous DNA preparations were pure. Any 
protein present could only have been minute amount. Furthermore the 
nucleic acid antigen was not sensitive treatment with acid because the prepara- 
tion retained its antigenic power whereas the acid-soluble histone was non- 
antigenic. There doubt that the antigenic determinant the nucleic acid 
cannot part the histone molecule. The only obstacle the opinion that 
the DNA responsible for the serological reactions that the acid extracted 
histone, itself non-antigenic, reacted with the anti-DNA sera. From their 
phosphorus contents the histones would contain per cent nucleic acid 
and possibly some denatured nucleoprotein. This could influence their serology 
shown the slight antigenic activity the most impure histone (phos- 
phorus per cent). The failure weak alkali and deoxypentosenuclease 
destroy the serological properties histone could due the mild treatment 
being unable affect residue acid bound large amount de- 
natured protein. 

difficulty which could not overcome this work was that doing 
absorption tests. attempt use haemagglutination tests was unsuccessful. 


SUMMARY. 


Samples pure, freshly made deoxypentosenucleic acid (DNA) from calf 
thymus invariably gave rise high-titre specific complement fixing antibodies 
injection into rabbits. Nucleic acid from less fresh materials were also anti- 
genic but the titres obtained were lower. 

Cross reactions did not occur, showing that the specificity depended the 
tissue origin the nucleic acid. 

The DNA antisera cross reacted with the nucleoprotein from which the 
nucleic acid was derived and more irregularly with the homologous histone. 

Calf thymus nucleoprotein was also antigenic and the antisera reacted with 
histone and DNA. Acid-soluble histone was not antigenic. 

The antigenic and serological activity DNA was destroyed mild alkali, 
deoxypentosenuclease and supersonic vibrations. 

The antigenic and serological activity DNA was not destroyed the acid 
treatment used extract the histone. 

Alkali degraded DNA could made antigenic the addition histone, 
but the immune serum produced this nucleoprotein was specific for the 
histone and reacted only weakly with the undegraded DNA. 

The DNA did not give rise active anaphylaxis but moderate degree 
passive anaphylaxis was observed guinea-pigs. 


wish thank Professor Shrewsbury for the provision facilities, 
and Dr. Overend and Dr. Laland for their interest the preparation 
the nucleic acid samples. 
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(1953) has suggested that the agglutination reactions wide variety 
seed agglutinins might serve distinguish the erythrocytes various species. 
preliminary experiments, using the tile method, observed that with agglu- 
tinins extracted from the seeds botanical species some differentiation 
various erythrocytes was possible. The seeds used were Ricinus communis, 
Dolichos lablab, Vicia faba and Phaseolus lunatus. The agglutination reactions 
these seeds were such that the erythrocytes sheep and goats, for example, 
gave combination reactions different from those chickens and pigeons and 
the various species could arranged into groups under 

Guinea-pig, rabbit, and man (group 

Dog, horse, buffalo, cow, goat and sheep. 

Pigeon and chicken. 

Man (group A). 
The investigation did not take into consideration the possibility that individual 
differences might exist among the erythrocytes the various species among 
different strains the various seeds. was also considered that more refined 
technique might detect minor differences reactivity. the present work 
these possibilities were examined 


MATERIALS AND METHODS. 


The erythrocytes the following species were tested guinea-pig, rabbit, pigeon, chicken, 
dog, horse, buffalo, cow, goat, sheep and man (groups and O). Suspensions per cent) 
fresh unwashed cells were used. many samples possible each species were tested. 
Human erythrocytes groups and were used controls. They were tested against 
freshly prepared saline extracts the following seeds Ricinis communis, Phaseolus vulgaris, 
Armanthus sp., Canavalia ensiformis, Dolichos biflorus Belgaum 1-1-8, Dolichos biflorus 
(common strains), Vicia faba, Lens esculenta, Dolichos lablab, Lathyrus sativus, Pisum sativum, 
Phaseolus lunatus, Glycine soja, Zea mays, Cicer arietinum, Phaseolus aureus and Phaseolus 
mungo, both the tile and tube method. The extracts were prepared the method 
Boyd and Reguera (1949). The tile tests were read after min., the tube tests after hr. 
Tests were carried out laboratory temperature the investigation was 
concerned only with whether not agglutinable factors were present the red cells, 
titrations were carried out. The results are shown the Table. 


RESULTS. 


individual differences among the members the various species were 
demonstrated. The number samples each species tested was small. 


Spe 


aureus 
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TABLE.— Agglutination Reactions the Erythrocytes Various Species with 
Certain Seed Agglutinins. 


Number 
Species. 


(ordinary strain). 


(Belgaum 1-1-8). 
Dolichos biflorus 


Guinea-pig 


Sheep 
Man (group 
A). Controls 
Man (group 
Controls 


Canavalia ensiformis. 


Cold agglutination. 


There was reaction between the cells any species and extracts Zea mays, Cicer arietinum, Phaseolus 
aureus and Phaseolus mungo. 


Individual differences the activity some botanical strains appear exist. 
The reactions ordinary strains Dolichos biflorus, which agglutinate human 
cells and sheep cells, differ from those the Belgaum strain. This may 
due the weakness the agglutinins the former. The latter acts upon the 
red cells most species, including those whose erythrocytes are Forssman- 
negative. This additional proof that Dolichos biflorus agglutinins are not 
Forssman heterophile antibodies (Bird, 1952). 

Occasional checks various intervals revealed that some the positive 
agglutination reactions took long time appear; that is, the avidity the 
antibodies for the corresponding agglutinogen low the agglutinogen sensi- 
tivity poor. The tube method therefore would the more reliable, though 
the tile method, with its associated rocking, gives clearer agglutination reactions. 
far clear-cut differentiation all the species tested possible but 
characteristic reaction patterns the following groups species evident 

sheep man (group A); man (group 

Chicken cells and pigeon cells, which could not distinguished the prelimi- 
nary experiments can differentiated with Glycine soja extracts. This extract 
can also differentiate human and cells from rabbit and guinea-pig cells because 
rabbit cells are agglutinated strongly laboratory temperatures whereas human 
cells are agglutinated the cold but not laboratory temperatures. Sheep 
and goat cells can distinguished, the former being agglutinated Lathyrus 


= 


sativus and sativum which not agglutinate the latter. Lathyrus sativus 
can also distinguish horse from dog cells. Further investigations with more 
botanical species might differentiate rabbit cells from guinea-pig cells and buffalo 
cells from those the cow. 

These observations may use forensic pathology preliminary 
screening test narrow down the possible sources specimen blood. 
However, the fact that plant agglutinins not act well with red cells that are 
not fresh would limit the forensic value such tests. 

When extract stored, and taken into use from time time, deposit 
tends form init. Red cells adhere the débris and agglutination simulated. 
When this occurs the extract should centrifuged and the deposit-free superna- 
tant fluid used. Auto-agglutination red cells the various suspensions 
whole blood used sometimes occurs. These sources false positives should 
borne mind. 

When this investigation was progress cold agglutinins for human red cells 
were demonstrated extracts Glycine soja (soya bean), which, previously 
stated, enables distinction made between human cells and those rabbit 
and guinea-pig. Re-examination the activity other plant agglutinins 
low temperatures revealed distinct increase intensity agglutination 
without any appreciable rise titre. the final stages this investigation, 
tests were carried out 6°-10°. This modification appeared give more 
satisfactory results. During the modified experiments saline suspension 
test cells each species was used control order exclude false positives 
due cold auto-agglutination. The use cells washed warm saline would also 
eliminate this source error but should avoided because washed cells act less 
powerfully than unwashed cells and this might still further reduce the agglu- 
tinability cells which are not very fresh. 


SUMMARY. 


The agglutinabilities the erythrocytes various species extracts plant 
seeds are such that possible divide them into distinct groups. Such 
differentiation may value screening test forensic pathology. 
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LERMAN (1953a) found that was possible purify tyrosinase from mush- 
room extracts adsorbing the enzyme onto substrate which had been coupled 
the surface inert solid. Similar methods have been used purify, 
test the homogeneity of, antibodies (Campbell, Luescher and Lerman, 1951 
Lerman, and deoxyribose-nucleic acid (Brown and Watson, 1953). Such 
techniques use the biological specificities the substances rather than the gross 
chemical and physical properties used conventional analytical and preparative 
methods. The reaction between influenza viruses and the soluble inhibitors 
haemagglutination specific (Burnet, 1951) and was considered that might 
possible prepare specific virus adsorbents immobilizing suitable inhibitors 
the surface inert solid. Such adsorbents should behave manner analo- 
gous red cells adsorbing and eluting virus and might, consequently, 
value the purification virus. This paper describes the properties some 


virus adsorbents prepared coupling purified haemagglutination inhibitors 
onto powdered cellulose. 


MATERIALS AND METHODS. 


Normal saline, 0-147 chloride (A.R.) distilled water. 

Citrate saline, normal saline containing 0-01 sodium citrate. 

Calcium acetate buffered saline (CaABS), 0-086 sodium chloride, 0-01 chloride, 
sodium acetate, 0-0026 acetic acid. 

Calcium borate buffered saline (CaBBS), sodium chloride, 0-01 calcium chloride, 
0-02 boric acid, sodium borate. 

Sodium borate buffer, 8-5, 0-06 sodium borate, 0-04 HCl. 


Haemagglutination inhibitors. 

Urinary inhibitor (UI) was prepared human urine the method Ada and 
Gottschalk (1952). 

Bovine gland inhibitor (BSI) and sheep gland inhibitor (SSI) 
were prepared the methods Curtain (in preparation). 


Cellulose-inhibitor complexes. 


The method preparation follows, general, that used Campbell al. (1951) for the 
preparation cellulose-protein antigen complexes. Powdered cellulose (10 Whatman 
Standard Grade) was washed with dilute acid and alkali and suspended ml. per 
cent NaOH. This was heated 80° and p-nitrobenzyl chloride was added with 
stirring and the mixture allowed stand for The was dispersed 
large excess distilled water and recovered and washed Buchner funnel. Amino- 
benzyl-cellulose was prepared suspending the nitrobenzyl compound ml. 
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alcohol 70°, stirring and adding aqueous slurry sodium hydrosulphite ml.). 
The mixture was kept hot for min. and then poured into 200 ml. distilled water. The 
cellulose derivative was separated Buchner funnel and washed with distilled water 
until the washings were free hydrosulphite (tested for the decolorization 0-001 
potassium permanganate). The cellulose was diazotized suspending 
ml. and adding chilled sodium nitrite solution with stirring until test 
samples the mixture gave permanent colour with starch-potassium iodide solution. 
The was filtered and washed thoroughly with cold HCl. The 
inhibitor solutions (conc. 0-5 per cent w/v) were dialysed for hr. against the 8-5 sodium 
borate buffer and coupling was carried out mixing the azobenzyl-cellulose with 
ml. the dialysed inhibitor solution 0°. The mixtures were stored the cold for hr. 
with occasional stirring and the complexes were then recovered 
centrifugation and washed five times excess normal saline. Unreacted azo-groups 
were blocked stirring the complex with large excess 0-05 per cent (w/v) solution 
the 8-5 borate buffer. The inhibitor-azobenzyl-cellulose was again centri- 
fuged, thoroughly washed and made into per cent (w/v) stock suspension normal 
saline. Determination inhibitor concentrations measuring the ultraviolet absorption 
2750 before and after coupling indicated that approximately mg. each inhibitor 

For convenience the three complexes are referred C-UI (cellulose-urinary inhibitor), 
sub-maxillary gland inhibitor) and C-SSI 
maxillary gland inhibitor). 


Viruses. 

The following strains were used the form infected allantoic fluid harvested from 
chick embryos inoculated the age days and incubated for hr. 35°. 

Influenza MEL (Melbourne), WSE (egg adapted strain WS) and 

Influenza LEE, MIL.B and BON. 

Indicator viruses were prepared the methods Stone (1949). 

Receptor destroying enzyme (RDE) Vibrio cholerae was purified the method Ada and 
French (1950). 


Biological titrations. 
Virus haemagglutinin was titrated the method Burnet, Beveridge, Bull and Clark 
(1942) using per cent suspension thrice washed cells from Leghorn fowls. 
Virus infectivity was determined for the chick embryo using the method described 
Beveridge and Burnet (1946). 


Chromatographic apparatus. 
The following glass columns were used (1) cm. long 1-5 cm. diameter, (2) 


em. long 0-4 cm. diameter. 
The columns were drawn have the minimum dead space the tip. When 
necessary the column filtrates were collected automatic fraction collector controlled 


electronic drop counter. 


RESULTS. 


Adsorption and Elution Virus from the Cellulose-inhibitors. 


Batch adsorption. 

Samples g.) the three cellulose-inhibitors were shaken for min. 
with ml. fluid (titre cellulose-inhibitors were recovered 
centrifugation, washed ml. normal saline, suspended ml. CaBBS and 
incubated 37° The mixture was then centrifuged room temperature 
and the supernatant was titrated for haemagglutinin. This experiment was also 
carried out with untreated cellulose and p-aminobenzyl-cellulose. The results 
are set out Table 
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and Elution PR8 Virus from Cellulose-inhibitor. 


Adsorbent. Haemagglutinin titre: 


Super- 
Original. natant. Washings. 
200 600 
Cellulose 1,000 1,000 <10 <10 


C-UI, cellulose-urinary inhibitor C-BSI, cellulose-bovine sub-maxillary 
gland inhibitor C-SSI, cellulose-sheep sub-maxillary gland inhibitor. 


can seen that the cellulose-inhibitors adsorb significant amounts virus 
which can recovered incubation 37°. virus adsorbed the controls. 


The behaviour cellulose-inhibitor columns. 


Adsorption the virus.—The capacity cellulose-inhibitor adsorb virus was 
measured packing No. columns with known weights C-UI, allowing varying 
normal saline dilutions infected PR8 fluid flow through them the 
rate 0-2 ml. per minute and titrating the filtrate (collected 1-0 ml. fractions) 
for haemagglutinin. This was done with 0-25 and 0-5 lots adsorbent and 
with fluids with titres 1280, 750, 540, 380 and 260. Some the results are 
plotted Fig. 


1024 
512 
256 

128 


titre 


Volume filtrate 


adsorbent 0-5 adsorbent (1) Initial titre 1280. (2) Initial 
titre 750. (3) Initial titre 540. (4) Initial titre 380. (5) Initial titre 260. 


proportionality was found between the weight the adsorbent the titre 
the original fluid and the volume fluid from which all the virus 
adsorbed. The shape the curves makes convenient take the volume 
which the log, titre the column filtrate half that the original fluid. 
This proportionality can expressed where the adsorption coefficient 
given sample cellulose-inhibitor. This relation was found hold for the 
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three adsorbents over wide range concentration everal sdifferent strains 
virus. The adsorption coefficient was independent the dimensions the 
column and the rate flow below maximum 1-0 ml. per minute. was 
found that increasing the temperature caused the adsorption coefficients vary 
markedly with the rate flow. 20° and flow rate 0-1 ml. per minute the 
adsorption coefficient had fallen per cent its value 0°, while 37° the 
value had dropped per cent less. 1-0 ml. per minute and 37° the 
coefficient was per cent the value 0°. This could explained were 
assumed that enzymic elution, which increases rate the temperature rises, 
was slow process compared with adsorption. low rates flow there 
sufficient time for the virus elute into the fluid, whereas high flow rates this 
cannot occur and most the virus retained the column. Since the 
most suitable temperature all adsorptions were carried out this unless otherwise 
stated. 

Table are given some values for several batches C-UI, C-BSI and 
C-SSI and virus. 

Batch variation negligible and the three preparations have similar affinities 
for virus. 

Recovery virus from the adsorbents.—Virus was recovered extruding the 
adsorbents from the columns, dispersing them CaBBS and incubating 37° for 


Coefficients C-UI, C-BSI and C-SSI 
for Virus (determined 0°). 


Batch 
No. C-BSI. 
8-00 8-70 8-30 
8-05 8-50 8-25 


hr. Recovery haemagglutinin averaged over per cent. was found 
that the infectivity-haemagglutinin ratio the original and eluted fluids was 
the same, values lying between and being obtained for different batches 


virus. 


Parallels between the Cellulose-inhibitors and Red Cells. 


The basic behaviour the cellulose-inhibitors adsorbing and eluting 
influenza viruses suggested that they might share other properties with the red 
cell. Such properties include the destruction virus receptors RDE 
enzymically active virus, the existence receptor gradient between different 
virus strains, failure indicator virus elute incubation, and the removal 
active and indicator virus solutions RDE and soluble haemagglutination 
inhibitor (for detailed discussion haemagglutination see review Burnet 
was decided test the cellulose-inhibitors for these properties 
the following experiments 


Action RDE and enzymically active virus. 

Samples (0-25 g.) adsorbent were incubated with 50,000 units RDE 
ml. CaABS 37° for hr. Each sample was washed three times ml. 
citrate saline and its adsorption coefficient for virus determined. each 
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case was found that the virus was not adsorbed. similar experiment was 
carried out which column was saturated with enzymically active PR8 virus. 
The adsorbents were removed from the columns, washed the cold with the 
normal saline and the virus eluted into CaBBS 37° for hr. The adsorbents 
were then washed three times with normal saline and repacked into columns. 
was found that the treated adsorbents did not adsorb virus. 


Receptor gradient between the different virus strains. 


these experiments the adsorption coefficient for each the six strains 
virus (MEL, PR8, WSE, LEE, MIL.B and BON) was determined using 
each adsorbent the No. columns. The virus-saturated adsorbent from each 
determination was suspended CaBBS and incubated 37° for The 
adsorbents were recovered centrifugation, washed twice ml. normal saline, 
divided into six 0-3 lots and packed into sets No. columns. Sets columns 
containing 0-3 each adsorbent pre-treated with RDE were also set up. The 
adsorption coefficients for the six strains virus were obtained for each set 
columns. The values are given Table 


Viruses Adsorbents Pre-treated with Virus and 
Adsorption coefficients for: 


Adsorbent C-UI. MIL.B. BON. LEE. MEL. WSE. 
2-90 5-20 8-00 11-60 16-50 
Pre-treated with— 

0-11 0-10 0-12 9-90 14-90 


Adsorption coefficients for: 


Adsorbent C-SSI. MEL. MIL.B. BON. LEE. WSE. 
0-80 8-30 9-30 11-60 13-50 
Pre-treated with— 

0-12 8-20 9-10 11-60 13-60 


Adsorption coefficients for: 


Adsorbent C-SSI. MIL.B. MEL. BON. WSE. LEE. 
Pre-treated with— 


can seen that the viruses have definite gradient action each 
the adsorbents. For C-UI this gradient MIL.B, BON, LEE, PR8, MEL, WSE, 
where MIL.B the most weakly adsorbed virus. For C-SSI the order MEL, 
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MIL.B, PR8, BON, LEE, WSE. MEL virus very poorly adsorbed compared 
with the others. the case C-BSI was found that only PR8 and LEE were 
adsorbed any significant degree. 

Some the experiments were repeated room temperature and was found 
that, although the adsorption coefficients were lower, the relations between the 
viruses remained the same. 


Failure indicator virus elute from the adsorbents. 


The adsorption coefficients the untreated cellulose-inhibitors for each the 
six strains virus the indicator state were found almost the same 
those given for the active viruses Table III. However, washing and incuba- 
ting 37° was found that none the indicator viruses eluted. expected 
the adsorption coefficients did not vary with temperature. 


Elution adsorbed virus RDE inhibitor solution. 


No. column was packed with 0-25 C-UI and ml. LEE fluid 
(diluted with normal saline haemagglutinin titre 150) was passed through it. 
This was followed ml. normal saline. virus was detected either filtrate. 
Purified RDE ml., titre 10,000) was allowed percolate through the column 
the rate 0-1 ml. per minute and the filtrate was collected 0-5 ml. fractions. 
Each fraction was diluted with 0-5 ml. citrate saline and heated 56° for min. 
destroy RDE activity. Titration the heated samples showed that the virus 
was eluted fractions and 

This experiment was repeated with 0-3 per cent solution SSI instead 
RDE. Each filtrate was mixed with 0-1 ml. RDE (titre 10,000) and incubated 
37° for hr. destroy the inhibitor. The RDE itself was then destroyed 
diluting the incubated fractions with 0-5 ml. citrate saline and heating 56° 
for min. The haemagglutinin titres showed that per cent the virus was 
present fractions and the remaining per cent being distributed 
diminishing amounts fraction 15. 

Two more experiments were carried out using RDE-treated SSI and 0-5 
per cent solution purified egg albumin the eluting fluids. neither case 
did elution the virus occur. 


Attempts the Chromatographic Separation Viruses. 


The results obtained the preceding sections suggested that might 
possible separate viruses elution chromatography. RDE seemed 
the most suitable eluent since gave sharper peak virus activity the 
filtrate than did the solution soluble inhibitor. was decided experiment 
with the separation two mixtures, MEL-WSE and MIL.B-WSE. These were 
chosen because the differences the adsorption coefficients between each 
member the pairs. 


Separation the MIL.B-WSE 


Three No. columns were packed with C-UI and ml. the fluids 
(mixed that each virus contributed half the total haemagglutinin titre 
1000) was filtered through each the rate 0-1 ml. per min. One the columns 
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was extruded and cut into sections which were eluted CaBBS 37°. was 
found that all the virus was concentrated the first 0-4 cm. the cm. 
column length. The virus was eluted from the other two columns using solution 
RDE and CaABS (titre 1000) and 37° respectively. The eluates were 
collected 0-5 ml. fractions. Each fraction was divided into three parts, one 
which was titrated for haemagglutinin normal saline, one anti-WSE 
serum and one anti-MIL.B serum. The antisera were diluted 1/400 normal 
saline, which dilution was found give complete inhibition haemagglutination 


Log, titre 


Volume filtrate (ml.) 


Fic. 2.—Elution-chromatography MIL.B-WSE mixture C-UI. Titre the presence 
anti-WSE serum Titre the presence anti-MIL.B serum 


with cross reaction. The normal saline titrations served controls, and the 
titres the presence the two antisera were taken represent the proportions 
each virus the different fractions. Separation the viruses was obtained 
both the and 37° experiments, but was more efficient the latter temperature. 
The results the 37° experiment are given Fig. can seen that the first 
part the filtrate contains only MIL.B and the last fractions only WSE, with 
considerable overlap both strains the middle. 


MEL-WSE mizture. 


The above experiments were repeated with MEL and WSE. satisfactory 
separation the viruses was obtained, the most efficient temperature again 
being 


DISCUSSION. 


has been shown that possible prepare specific adsorbents for influenza 
virus coupling haemagglutination inhibitors insoluble carrier. These 
adsorbents have many properties common with naturally occurring carrier 
virus substrate, the erythrocyte. These were found (a) the destruction 
RDE enzymically active virus the ability the carrier adsorb virus, 
(b) the existence receptor gradient between the different virus strains, (c) 
conversion viruses heating 56°, either normal saline citrate saline 
8-5 (Stone, 1949), state which adsorbed but failed elute incubation 
37° and (d) the removal this and active virus the action solutions 
soluble inhibitor RDE. That the elution virus was not just protein effect 
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was shown the failure RDE-treated inhibitor egg albumin solution 
act aneluent. The parallels between the properties the cellulose-inhibitors 
and the red cell further confirm the view that the behaviour the red cell towards 
the influenza viruses due its being carrier molecules similar nature 
the soluble haemagglutination inhibitors. 

The properties the cellulose-inhibitors generally follow those the corre- 
sponding soluble inhibitors. Thus BSI inhibits haemagglutination PR8 and 
other strain and C-BSI adsorbs only virus significant degree. Similarly, 
SSI fails inhibit MEL (Burnet, 1951) which, turn, poorly adsorbed 
C-SSI. The WSE and LEE enzymes which are very active against SSI are also 
strongly active against the corresponding adsorbents. 

The results with C-UI are interesting when compared with the work Burnet 
using the soluble and MEL, WSE and LEE viruses. The soluble 
inhibitor highly active against haemagglutination WSE and MEL viruses 
the active well the indicator state whereas LEE only inhibited the 
indicator state. This corresponds with the finding that active LEE less strongly 
adsorbed C-UI than MEL WSE. discrepancy with Burnet’s findings, 
however, found the much greater effectiveness the MEL and WSE enzymes 
the cellulose-bound material contrast with the soluble inhibitor. This may 
because Burnet’s experiments tested the power inhibit haemagglutination 
indicator virus, whereas the present experiments tested the power adsorb active 
virus. the other hand the lack action against soluble inhibitor may have 
been due the differing physical state the substrate the two series experi- 
ments. quite possible that some active groupings would masked 
distorted the coupling process. must also remembered that, while red 
cell-virus-soluble inhibitor interaction case static adsorption, the cellulose 
inhibitors were studied under dynamic conditions column. 

The commonest method purifying influenza virus involves adsorption 
and elution from red cells followed differential centrifugation. usually 
found (e.g., Ada and Perry, 1954) that some haemolysis occurs and improbable 
that this can entirely avoided. Haemolysis turn leads the contamination 
the virus preparation with other red cell breakdown products. Use the 
cellulose-inhibitors replace red cells would appear offer method free such 
objections and their application this regard present being studied. 

The separation viruses cellulose-inhibitor columns means elution 
chromatography might value isolation technique genetic experiments, 
although present seems that this possibility could only explored 
experiments with recombinant-containing fluids. 


SUMMARY. 


Specific adsorbents for influenza viruses were prepared coupling muco- 
protein inhibitors haemagglutination onto powdered cellulose. 

These cellulose-inhibitors behaved similar fashion red cells with respect 
adsorption and enzymic elution the virus and receptor gradient was demon- 
strated between the various strains. 

making use their different affinities for coupled inhibitor was possible 
separate two virus strains chromatographically and suggested that this 
technique might used isolate viruses from mixed infections. 
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NASAL secretions, sputum and saliva from normal human beings are known 
contain substances, probably mucoprotein nature, capable inhibiting agglu- 
tination red blood cells influenza virus (Fazekas St. Groth, 1952; Curtain, 
Marmion and Pye, 1953). Some all these are related, least their vitro 
activity, heat stable substances (Francis inhibitor) present serum and 
active particularly against heated influenza viruses. The these inhibitors 
resistance infection present unknown. Their activity, though potent 
the haemagglutinin test not readily apparent tests for vivo 
neutralisation as, for example, the fertile hen’s egg. 

Another, differing, class substances which neutralise vivo has 
reported occurring normal ferret sera Burnet and McCrea (1946) 
normal guinea-pig sera Smith and Westwood (1949) human sera 
berg and Horsfall (1949) and the sera various animal species Chu (1951). 
The serum factors described Chu (Chu inhibitors) would neutralise, ovo, 
only influenza virus which had not been adapted the mouse. The specific 
activity Chu inhibitors was not destroyed RDE (receptor destroying enzyme 
Vibrio cholerae) property which serves distinguish them from the Francis and 
related mucoprotein inhibitors. 

earlier work the neutralising activity nasal secretions (Burnet, Lush 
and Jackson, 1939) there was certainty that antibody was not least partially 
responsible (cf. Francis, 1941). Rose (1950) described neutralising activity 
human sputum and although this first seemed attributable the haemagglu- 
tinin inhibitors, subsequent work (Marmion, Curtain and Pye, Rose, 
Erlanger, Raymond and Howe, 1953), has indicated that the factor which will 
neutralise certain viruses ovo distinct from the Francis type inhibitors which 
are active vitro. Thus, failure the mucoprotein inhibitors neutralise virus 
infectivity has been the usual finding. 

this paper, however, there described exception this general rule. 
have lately found that some human nasal washings have neutralising activity 
against the neurotropic variant the strain influenza A(NWS) but not 
against the original virus. This property appears due the muco- 
protein constituents the nasal washings. account our findings follows. 


METHODS. 


Large batches neurotropic influenza virus NWS (Stuart-Harris, 1939) known titre 
were stored the form infected allantoic fluids capillary tubes dry ice. Nasal 
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washings were obtained from human subjects running several lots warm saline—about 
ml. all—up the nostrils and letting the subject blow the fluid out into petridish. One- 
tenth the volume Hartley’s broth containing per cent horse serum was added and the 
fluid filtered through sintered glass and then gradocol membranes and average 
pore diameter early the experiments the fluids were stored —70° later was found 
adequate. 

Mice (Webster’s strain) were inoculated under ether intracerebrally into the 
left hemisphere with 0-03 ml. most experiments the nasal washings were mixed with 
virus the proportion one part virus nine washings. 

Mice were observed daily very few developing characteristic symptoms recovered. Day 
death was noted and results were assessed two ways: (1) average number days 
survived (2) Gard’s (1951) index. This gives the sum the reciprocals days survived, 
divided numbers mice group. Thus six mice surviving and days 
respectively would show figure 


0-20. 


Mice were observed for days those surviving through that period gained score 
This system has the advantage minimising the differences between days death the 
late stages the differences are then relatively less important than earlier. 
Except where stated there were mice each group. The NWS virus was usually used 

Haemagglutinin inhibitors nasal washings, referred for convenience Francis-type 
inhibitor,” were titrated against agglutinating doses heated influenza virus (Crawley 
strain). 


RESULTS. 


early stage was apparent that nasal washings two subjects, and 
regularly had especially good neutralising activity. Their washings were there- 
fore used most experiments. 

one test, washings from subject gave Gard figure 0-02, where the 
control without washing was 0-24. Six other washings tested the same time 
gave values 0-25, 0-215, 0-11, 0-18, 0-08. fact, most washings showed 
some activity, but was often too little permit accurate study. Even with 
the most potent washings, neutralisation was slight dilution was more than 
The Francis-type inhibitor washings and was regularly high 
(1/320 1/1000). There was rough but not exact correspondence between 
neutralising activity and Francis inhibitor titre washings from various 
individuals. 

Preliminary experiments showed that normal horse serum, broth saline 
mixed with virus inoculated before it, did not affect the issue. Controls most 
experiments received therefore only virus appropriately diluted. When washings 
were inoculated intracerebrally hr. beforehand, well mixture with virus, 
neutralisation was rather more effective. Since, however, mixtures gave quite 
satisfactory results and were more convenient, they were used most experiments. 

evidence was found that neutralisation was better when washing and virus 
were held contact for hr. before injection, either 37°; appropriate 
controls were held separately these temperatures for hr. and mixed immedi- 
ately before injection. 

early stage the work was suspected that another virus the 
washings might interfering with the NWS but agent transmissible 
mouse brains allantoic fluids eggs was found the idea was for this and 
other reasons abandoned. 
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There arose the question whether our neutralising agent could identical 
either with Francis inhibitor, Chu inhibitor with antibody. 


Effect RDE and heat. 

Francis inhibitor readily destroyed the receptor-destroying enzyme 
cholerae. This was purified preparation kindly sent Sir Macfarlane Burnet 
and tested the technique Burnet and Stone (1947). The RDE was inacti- 
vated the end the period incubation heating for min. 
Table shows that RDE-treatment destroyed the neutralising activity. Tests 
were made two batches washings. The effect washings heating for 
min. 70° was tested the same time. 


Mice with NWS and Treated Untreated Washings Subject 


Virus mixed with 


Washing Washing 
9(un- Washing Washing Washing 
Gard index 0-21 0-03 0-225 0-165 0-03 0-21 0-11 
Francis inhibitor titres <10 320 <10 800 


Evidently RDE has destroyed all heating 70° has destroyed 
rather less. Another experiment heat treatment, this time saliva, indicated 
that the agent this withstood min. temperatures 62-5 but 
increasingly lost activity the temperature was raised higher (see Table I). 


Varying Temperatures: Results Inoculating Mice with 
NWS and Saliva Heated Various Temperatures. 


Virus mixed with 


80°. 


will seen, the activity the unheated saliva was not very great. Some 
activity was found saliva persons who had inhibitor their nasal 
washings but the saliva was less potent. 

far appeared that the agent resembled Francis inhibitor being suscep- 
tible treatment RDE, but differed its apparently greater heat lability. 
Parallel titrations Francis inhibitor the experiment shown Table indicated 
that while RDE completely destroyed its activity, heating 70° left this unim- 
paired. Sensitivity purified RDE clearly differentiated the agent from anti- 
body and Chu inhibitor. 

Trypsin also inactivated the agent this had made borate buffer 
8-0, phosphate buffer was itself harmful. 


~ 


Saliva 
Un- 
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Trypsin Results Inoculating Mice with NWS and Treated 
and Untreated Washing. 


Virus mixed with 


Washing 
Washing Washinglin borate 
lin borate. and trypsin. 


The Francis inhibitor was reduced this treatment from titre 240 30. 


Effect centrifugation. 

Our colleague, Dr. McFarlane, kindly co-operated the experiments 
described. Centrifugation was carried out Spinco angle-head. some tests 
the deposits obtained were the form pellets floccules these were readily 
redispersed shaking the ultrasonics apparatus for sec. first experiment 
suggested that the active agent was deposited readily spinning for hr. 
30,000 r.p.m. 52,000 g), rather more readily fact than would expected 
for Francis inhibitor. Subsequent experiments gave widely discrepant results— 
both with spinning 20,000 and 30,000 r.p.m.—so much suggest 
that the degree aggregation dispersion the agent might vary from 
specimen specimen. 


Comparison with purified sputum inhibitor. 


the neutralisation NWS appeared due muco-protein, was 
desirable test purified preparation. One (B.P.M.) has been concerned 


with the purification inhibitor haemagglutination human sputum 
(Curtain al., 1953) and with the action sputum virus infectivity ovo 
(Marmion al., specimen such purified sputum inhibitor was kindly 
supplied Mr. Curtain. This specimen had shown only single peak electro- 
phoretic examination 7-0 phosphate buffer, and was examined for neutrali- 
sing activity against NWS the mouse brain. The haemagglutinin inhibitor 
titre the preparation against heated influenza virus was 1/12,000 compared 
with 1/320 1/1000 for filtered nasal washings subject purified 
sputum inhibitor was very effective against NWS all six mice receiv- 
ing the mixture survived and all six controls were dead the sixth day. 
dilution this inhibitor was also very active, 100 irregularly so. 
Activity dilution was destroyed RDE but unaffected heating 
70° for min. thus acted similarly the agent nasal washings but was 
more potent. The discrepancy regards heat stability probably only apparent 
sputum inhibitor diluted near the limits its activity was apparently less active 
after being held 70° for min. 


Activity against other neurotropic influenza strains. 


Intracerebral tests for neutralising activity were made against four other 
neurotropic strains influenza. Three these (Neuro-Mel, Neuro-swine 
(Burnet and Lind, 1951), Neuro-Kunz (Appleby, 1952)) were recombinant viruses 
kindly sent Sir Macfarlane Burnet and Miss Allott. The fourth 
described the next section. Nasal washings from and also the purified 
sputum inhibitor were active against Neuro-Mel diluted 50,000. the latter 
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experiment average survival was for 4-3 and 11-5 days when virus was mixed with 
control medium and inhibitor respectively (Gard indices 0-29:0-01). Against 
Neuro-Kunz (diluted neutralisation washing was equally definite but 
the Neuro-swine was doubtfully inactivated either washing sputum 
inhibitor. 


The JWS virus. 

The fourth strain examined was neurotropic variant virus recovered 
this laboratory. Such variants are hard obtain: know three successes 
and innumerable failures. The new variant was obtained follows. 
infected mice intracerebrally with mixture ordinary virus (1/500) and 
1/1000 dilution neurotropic virus (“‘ JHM Cheever, Daniels, Pappen- 
heimer and Bailey, 1949). Four days later two very ill mice were killed and 
suspensions their brains inoculated intra-allantoically into 10-day embryonated 
eggs. The JHM virus will not survive eggs and was hoped recover this 
way modified virus. virus was recovered expected and proved be, 
unlike the original WS, serially propagable mice intracerebral inoculation 
passages were made every days. Occasional mice allowed survive longer 
developed nervous symptoms, after NWS and after the ninth 
passage, symptoms were invariable and many mice died. Tests eggs, each 
passage, showed that influenza virus was present. all, serial passages were 
carried out, when the virus was stored dry ice never acquired the power which 
NWS possesses, killing mice after intracerebral injection suspensions diluted 
more than named this strain, was neutralised eggs and 
mice anti-NWS ferret sera. 

able recover neurotropic influenza strain injecting into mice 
along with neurotropic virus would remarkable thing. Unfortunately 
have not been able repeat our success despite attempts the proportions 
and JHM have been varied also other factors. Normally virus will 
survive most two intracerebral passages mice 48-hr. intervals. one 
the passage series obtained virus after four passages, but was then 
lost. probably wisest conclude that the JWS just another neurotropic 
variant WS; there insufficient evidence that the particular technique 
used was decisive importance obtaining it. 

JWS virus was not neutralised intracerebral tests nasal washings 
sputum inhibitor. Possibly failure neutralise either the neuro-swine 
strain may ascribed the fact that these viruses had used larger 
pathogenic effect control mice. 

The human washings had neutralising action the neurotropic JHM itself 
dilution). 


Neutralisation influenza virus given intranasally. 
active washing was mixed with equal parts falling dilutions NWS 
(allantoic fluid) and the mixtures given mice intranasally. Results are shown 
Table IV. Lesions individual mice are indicated figures indicating 
degree lung involvement the conventional way. 
Clearly, least log dilution has been neutralised second test confirmed 
this result. contrast, neutralisation whatever could demonstrated 
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NWS Virus given Intranasally. 
NWS horse serum broth. NWS washing. 
Virus dilution. Virus dilution. 


non-specific death. 


the case intranasal tests with the ordinary strain influenza not adapted 
brain (two tests); nor yet against another strain (England/1/51) nor 
strain (Lee). 

DISCUSSION. 

The facts reported indicate that substance present human nasal washings 
will, high concentrations, neutralise neurotropic influenza virus, particularly 
NWS. sensitivity the action RDE and the fact that very similar but more 
intense reactions are obtained with purified sputum inhibitor, electrophoreti- 
cally homogeneous mucoprotein, suggest that the substance also mucoprotein. 
The reason obscure why the neurotropic variant and not the original 
strain (WS) neutralised vivo the inhibitor. This property seems not 
related difficulty ease elution from red cells; have found 
consistent difference between neurotropic and other strains this respect. 


SUMMARY. 
inhibitor, present human nasal washings and sputum, will neutralise 


vivo neurotropic influenza virus the strain, though not the original non- 
neurotropic neurotropic recombinant-viruses neuro-Mel and neuro- 
Kunz were also neutralised. The agent probably mucoprotein the Francis 
inhibitor type. the course the work new neurotropic variant 
(JWS) was obtained. 
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THE epidemicity Streptococcus pyogenes has long been recognized. The slide 
agglutination method for typing this organism which was originated Griffith 
(1935) made possible demonstrate that streptococcal epidemics may 
induced micro-organisms single serologic type (Coburn and Pauli, 1935). 
fact, this typing method was perfected Griffith, part least, because 
believed that single bacterial strain might give rise streptococcal epidemic 
respiratory tract infections population exposed many different serologic 
types haemolytic streptococcus (Griffith, 1936, personal communication). 
Coburn and Pauli (1935) observed that this was true not only when haemolytic 
streptococcus was prevalent, but also times when this bacterium was rare 
the flora the upper respiratory tract persons closed colony (Coburn and 
Pauli, 1941). Some streptococcal outbreaks appeared closely associated 
with preceding viral infections, for example influenza (Coburn and Pauli, 1935) 
whereas others appeared occur independently any recognizable infections due 
filterable viruses (Coburn and Pauli, 1941). Similar findings have been made 
large number workers many parts the world (Coburn and Young, 
1949). However, was not until World War that convincing evidence was 
obtained, showing that streptococcal air-borne epidemic can induced 
single strain the micro-organism and perhaps from single carrier (Coburn and 
Young, 1949). This observation was made possible determining the sulphon- 
amide resistance vitro well identifying the serologic type and the organism’s 
capacity produce erythrogenic toxin. Determination sulphonamide resist- 
ance was made possible the use semi-solid medium (Wilson, 1945). Coburn 
found that this was constant characteristic the micro-organism remained 
unchanged repeated transfer the laboratory, animal passage and also 
when the bacterium was spread from host host throughout relatively large 
closed colony Navy personnel (Coburn and Young, 1949). 

Most observers have concluded result epidemiologic observations that 
the most important factor the induction streptococcal outbreaks respiratory 
tract infections the number micro-organisms present the environment 
that is, the size the dose inhaled. the other hand, Coburn has postulated 
that, although the size dose important, the critical factor the genesis 
streptococcal epidemics may inherent characteristic the streptococcal 


Supported part the Office Naval Research, Contract Number 


270 

01 
0! 
3 


AIR-BORNE STREPTOCOCCAL INFECTION MICE 271 


strain, its infectivity capacity induce infection the surface the naso- 
pharynx spite the presence many antagonistic host factors, and that the 
epidemic strain haemolytic streptococcus may considered 
(Coburn, 1944). The purpose the present present experi- 
mental evidence that there does exist certain strains group haemolytic 
streptococcus the capacity induce respiratory tract air-borne infections. First, 
evidence will presented that inherent characteristic, which termed 
infectivity, exists. second paper, observations certain factors which 
may influence infectivity will analysed. All these studies are limited 
observations white mice. 

However, larger animals have been used others producing respiratory 
tract infections. For example, group haemolytic streptococcal 
pharyngeal carrier states several Macaca mulatta have been achieved 
intranasal inoculation (Watson, Rothbard and Swift, 1946). Pneumonia due 
group streptococcus has been produced intratracheal instillation the 
white rat (Glaser and Wood, 1951). Group nasopharyngeal infections have 
been produced Macaca mulatta when culture was instilled four more days 
after inoculation with influenza virus (Wilson, Saslaw, Doan, Woolpert and 
Schwab, 1947). Perhaps the most informative observations the genesis 
streptococcal air-borne infections were those Glover (1941). induced 
ferrets nasopharyngeal infection due the combined action influenza 
virus and strain group haemolytic streptococcus. The bacterium was 
unable induce infection alone but was infective long seven days after the 
injection virus. ferrets the bacterium was shed into the air carriers 
was recoverable blood-agar plates gave rise disease ferrets which 
were also infected with influenza virus 

The present report deals mainly with the induction air-borne group 
haemolytic streptococcal infections Swiss albino mice droplets nebulized 
into the air space closed chamber. 


MATERIALS AND METHODS. 
Chamber. 


The chamber used throughout this study was modification the laboratory model 
described Robertson, Puck and Wise (1946). plastic balance cover (A. Aloe catalogue 
was fastened wooden base with clamps, and the union sealed with sponge rubber and 
tape prevent leakage. Openings were made the plastic for rubber stoppers, permitting 
inlets and outlets. Suspensions streptococci were introduced into the chamber through 
Vilbiss No. nebulizer, operated positive pressure with stream compressed air 
sufficient cause fine mist. Within the chamber small electric fan ran intermittently 
during spraying maintain fair distribution bacteria the air. Routinely, exactly 
ml. fluid containing the bacterial suspension were nebulized about min. Unless 
stated otherwise, this fan was run during nebulization and for approximately hr. thereafter 
each day. outlet consisting rubber tubing connected side arm Erlenmeyer flask 
containing cotton wool was used collect contaminated air. the floor each chamber 
were placed wire cages, each containing individual compartments, size sufficient for 
one mouse and food. The distribution mice among the compartments and the placement 
the cages within the chamber were random. the ratio control test animals 
was always 1:1 per chamber. water bottle was introduced for each mouse through 
opening the top the wire cage. Following every experiment the contents each 
chamber and all accessories except the fan were sterilized autoclaving for least 
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min. pressure. The chamber was thoroughly washed with commercial disinfectant, 
and detergent, Tide.” The fan was wiped off with 0-1 per cent 
solution Coro-Noleum and then opened and exposed for approximately hr. ultra- 
violet light. The latter was found essential for sterilization. check the effectiveness 
the procedure, blood agar plate was exposed the chamber with the fan motion for 
hr. the day prior each experiment. photograph typical chamber and box 
used for housing mice following removal from the chamber shown the Figure. 


Standard dose bacteria. 


Routinely, the mice were challenged with large number micro-organisms. The 
bacteria were grown broth for hr. For nebulization bacterial growth from approxi- 
mately ml. broth was used for each administration 5-0 ml. gelatin-Locke (gel.- 
Locke) solution with optical density 0-650. 

The washed cells were suspended gel.-Locke solution. The bacterial suspension was 
then adjusted Coleman Junior Spectrophotometer Model give optical density 
0-650 wave-length 550. Plate counts this suspension showed the average number 
haemolytic streptococci approximately 6-1 per ml. broth culture 
gel.-Locke solution. This count was found constant and was used calculating the 
number organisms for studying the several factors pathogenicity. For example 

Invasiveness (intranasal dose) 10° organisms per 0-02 ml. broth culture. 

Infectivity (aerosol chamber) organisms per 5-0 ml. gel.-Locke solution 
approximately organisms per cu. in. (16-4 ml.) space sprayed. 

Although large number organisms was used routinely, experiments were made 
which the size effective dose was determined. For example, was found that high 
mortality with group organism could induced when only 2500 organisms per cu. in. 
(16-4 ml.) were nebulized into the chamber. 


Bacterial strains. 


The bacterium studied intensively this first report was group type 19, laboratory 
strain Str. pyogenes, which had been kept broth, agar slants the frozen 
state for more than years. The strain was originally isolated during World War when 
was associated with epidemic scarlet fever. was sulphonamide-sensitive. 
Throughout this study this strain will referred N19. 

For making comparisons, others were tested along with strain N19. They were: 

Group type 19, strain 083333, from epidemic outbreak Bainbridge Naval 
Training Center, micro-organism supplied Commander John Seal, U.S.N. 

Group type 19, strain 070594, from sporadic attack tonsillitis Great Lakes 
Naval Training Center, micro-organism supplied Commander John Seal, U.S.N. 

Group laboratory strain supplied Dr. Clayton Loosli. 

Group strain NML, organism isolated from monkey with pneumonia, supplied 
Dr. Jerome Syverton. 

Group type 17, strain 1GL23, World War sulphonamide-resistant strain, 
associated with epidemic scarlet fever and isolated 1946 from the throat rheumatic 
patient, Great Lakes Naval Training Center, micro-organism supplied Dr. Robert 

laser. 

Group type 17, strain Coburn (Coburn and Pauli, 1932) isolated 1930 
from the throat rheumatic child with sporadic attack acute pharyngitis, supplied 
Dr. Rebecca Lancefield. 

Group type 12, strain Dochez NY5 isolated World War during epidemic 
scarlet fever, supplied the N.Y. State Department 

Group type strain used the laboratory for many years and supplied Dr. 
Todd. 


Culture medium. 
All organisms were grown for hr. 100 ml. Bacto brain heart infusion broth, 


7-4, This period was convenient and the number organisms did not change 
significantly between and hr. Primary isolation from mouse tissues and heart blood 
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was made sheep blood-agar plates. Transfers were made blood-agar plates, slants and 
broth. They were stored 5°. 


Bacterial suspensions. 


gelatin-Locke solution (gel.-Locke) 7-8, was used throughout these experiments 
vehicle for suspending the bacteria. The composition this solution was: NaCl g., 
CaCl, g., KCl 0-42 g., NaHCO, g., dextrose 2-5 g., gelatin g., water 11. The 
bacterial culture from ml. broth was centrifuged for min. 1,200 r.p.m., and the 
deposit suspended ml. gel.-Locke solution. This entire suspension streptococci was 
sprayed through the nebulizer into the chamber over period min. 


Virus strain. 


mouse-adapted strain PR8 influenza virus was used throughout. The material 
was prepared from mouse lung, titrated and generously supplied Dr. Loosli (Loosli, 
Robertson and Puck, 1943). This virus strain was isolated 1934 Francis from the 
sputum patient with clinical signs influenza, and has been passed through mice 
innumerable times. The virus material was non-pathogenic for man and caused least 
per cent mortality dilution mice. The viral infections were induced 
mice intranasal inoculation 0-01 0-02 ml. appropriate dilution broth. 


Intranasal inoculation 


For intranasal inoculation, the mice were given 0-01 0-02 ml. the gel.-Locke 
suspension, delivered the external nares blunt gauge hypodermic needle, 
ml. tuberculin syringe operated modified micrometer caliper according the 
method Sonkin (1949). The inoculum was placed the external nares after the mouse 
had been anaesthetized. 

Anaesthesia.—Mice were anaesthetized routinely before the intranasal inoculation. They 
were given intraperitoneally 0-25 ml. 2-5 per cent solution chloral hydrate, and were 
then placed atmosphere ether for few seconds ensure complete immobility. 


Intraperitoneal inoculation. 


series dilutions broth suspension streptococci was injected intraperitoneally 
the customary manner for testing virulence. The was determined the method 
Reed and Muench (1938). Swiss albino mice similar weight and age were divided 
into groups The mice within these groups each received 0-1 ml. 24-hr. broth culture 
haemolytic streptococcus. Successive groups received doses which were diluted 10-fold. 
Dosage limits were chosen that more than half the animals were killed the largest 
dose and more than half survived the smallest dose. The was calculated the 
customary manner; that is, the highest dilution inoculum which caused per cent 
mortality. 

Mice.—Swiss albino male and female mice were used throughout these experiments. 
They weighed approximately all instances they were purchased from local 
dealer (Chicago), fed pellets (Purina Laboratory Chow) and water and were used approxi- 
mately one week after purchase. 


Autopsy examination. 


All mice which died, were sacrificed the end days were examined post mortem 
ina After the application per cent ethanol the carcass, anterior 
midline incision was made. Sterile techniques and sterile instruments were used obtain 
cultures from each mouse from the cervical lymph nodes located laterally the trachea 
the lungs, preferably from area pneumonic consolidation and from the heart’s blood 
following incision ventricle. From the heart’s blood and lymph nodes pure cultures 
were usually obtained. However, the lung culture was customarily mixed, 
containing Proteus vulgaris, which spread rapidly over the blood-agar plate. Although the 
lungs were examined grossly each instance, material was only rarely taken for micro- 
scopic studies. 

Serologic identification.—The grouping and typing streptococci were done capillary 
tube precipitin techniques used the Rockefeller Institute (Swift, Wilson and Lancefield, 
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1943). Antisera were obtained from the U.S. Public Health Service and from the Lederle 
Laboratories. each instance the streptococcus recovered autopsy was serologically 
identified the organism used the inoculum. 

Temperature and humidity.—Unless stated otherwise, all experiments were done room 
temperature, about 22°. The humidity the chambers was generally high, about 
per cent. 


Definitions. 

The pathogenicity group haemolytic streptococcus for man conditioned 
number its products. One these, erythrogenic toxin, known associated with 
the rash and perhaps mortality scarlet fever. the present study all 
have been made mice. The terms used this report indicate several aspects 
pathogenicity refer only Swiss albino mice 

Virulence.—The capacity the bacterium cause death due streptococcal infection 
when introduced intraperitoneally into the mouse. 

Invasiveness.—The capacity the bacterium, when applied medium favourable 
survival the surface the external nares, enter the blood stream and cause death 
due streptococcal infection. 

capacity bacterium, when inhaled the mouse, either droplets 
dust particles, multiply the respiratory tract, cause cervical lymphadenitis, 
pneumonia and death associated with positive blood culture. 

Symbiotic capacity the bacterium manifest infectivity mice 
inoculated with mouse-adapted strain influenza virus prior the exposure 
air contaminated with streptococcus. 

capacity bacterium cause cross-infections. 

Streptococcal associated with positive heart’s blood culture and/or positive 
cultures cervical lymph nodes and lungs. this study there may have been streptococcal 
deaths which were not established bacteriologically. All mortality figures given these 
reports include only those mice which not only died but which were also proved culture 
the heart’s blood the same serologic type group streptococcus used the 
inoculum. 


EXPERIMENTAL. 


Strain N19, group haemolytic streptococcus, was selected after screening many 
cultures test for virulence, invasiveness, infectivity, symbiotic infectivity and communi- 
each instance transfer the bacterial culture was made into broth. After 
hr. incubation the bacteria were harvested and suspended solution. 
They were tested for the following evidences pathogenicity 

(a) virulence, the bacteria were inoculated intraperitoneally appropriate amounts 

(b) invasiveness, the bacteria were inoculated the nares the anaesthetized animal 
according the technique Glaser, Berry and Loeb (1953) 

(c) infectivity, the bacteria were nebulized for successive days into the atmosphere 

(d) symbiotic infectivity, the procedure followed was for infectivity, except this 
instance the mice had received approximately hr. prior the experiment sublethal 
lethal dose influenza virus. The lethal dose was considered the amount inoculum 
which would cause least per cent mortality. The sublethal dose used was per cent 
less this amount titrated the point mortality. Death due influenza virus 
was associated with negative cultures from lymph nodes and heart’s blood. The lung 
cultures were always group haemolytic streptococcus 

(e) communicability, the bacteria were administered (b) and Animals which 
were infected and subsequently died from streptococcal infections were placed open glass 
containers with uninfected mice. 


DESCRIPTION PLATE. 


chamber which mice separate compartments are challenged with 
aerosol spray streptococci. the left the box which mice are housed. When 
spread infection desired, cardboard placed in. (1-3 cm.) above the louvred top 

this box. 
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RESULTS. 


Haemolytic streptococcus, group strain N19, although not spread the 
infected mouse, was highly pathogenic. repeated testings, with least 
mice each test, was found that 

(a) virulence was only moderate. cause death per cent mice 
following intraperitoneal inoculation required dose ml. the 
broth culture. Some the other strains haemolytic streptococcus were found 
more virulent, causing mortality greater than per cent with 
inoculum 0-1 ml. dilution 10-8. 

(b) invasiveness was striking. inoculum 0-02 ml. the external nares 
produced high mortality, per cent mice. 

(c) infectivity was also high. Mice placed closed chamber room 
temperature and nebulized for days regularly had streptococcal mortality 
rate least per cent. The average mortality for several hundred mice 
sprayed intervals over period one year, was per cent. 

(d) symbiotic infectivity was striking. When mice were given sublethal 
lethal dose influenza virus, the streptococcal mortality rate was uniformly 
high. Over period many months, the actual mortality rate among several 
hundred mice was per cent. the above streptococcal deaths, this figure 
the percentage with streptococcal infections proved culture and serologic 
typing does not indicate the total death rate. 

(e) communicability appeared first lacking when tested the white 
mouse under these conditions. deaths occurred although many attempts 
were made lower the resistance the mice exposed. These were short 
exposures cold heat 37°; daily treatment with cortisone dipping 
cold repeated anaesthesia with ether and chloral hydrate. Even 
inoculation with lethal dose influenza virus failed produce streptococcal 
death among animals which were placed open top glass vessels containing 
sawdust with mice dying N19 infections. Cultures the sawdust and faeces 
were uniformly negative for haemolytic streptococcus. Nose and throat cultures 
were not made. 

This initial failure mice cross-infect with haemolytic streptococcus may 
have been due the fact that none the N19 infections were open lesions. 
contrast ferrets (Glover, 1941), mice with streptococcal infections the 
respiratory tract and blood stream did not readily cross-infect. However, when 
the factors crowding and poor ventilation were introduced cross-infections did 
occur. This will shown the following paper. 


Comparative pathogenicity. 

The characteristics N19 tested above were compared with those 
other micro-organisms. The findings are shown the Table, which summarizes 
large number experiments, for each which least mice were tested. 

will seen that the group organism was the most pathogenic for mice. 
Its was and irrespective the route administration, caused 
mortality 100 per cent. contrast the group organism was pathogenic 
only when nebulized mice that had previously received dose influenza 
virus. Among the group organisms, the World War type organism, 
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the Pathogenic Properties Strains Haemolytic 


Streptococcus. 
Symbiotic 
Group, type and Invasiveness Infectivity 
strain Virulence per cent per cent per cent 

haemolytic streptococcus. mortality. mortality. mortality. 


strain 1GL23, was most virulent and highly invasive. However, its infectivity 
was approximately zero the absence preceding infection with influenza 
virus. the other hand, the type strain J17E was practically non-pathogenic 
tested these studies. Only the influenza-infected mice did cause low 
incidence deaths. Different from all these organisms was the type strain. 
Although highly invasive the respiratory tract and infective, was almost 
avirulent. The was one. This was striking example the ability 
micro-organism kill when relatively small numbers were presumably inhaled 
into the respiratory tract whereas was unable kill when large numbers 
viable organisms were injected into the peritoneal cavity. The type Richards 
strain although moderately invasive was non-infective and avirulent. The 
strains type were strikingly different. contrast the N19 organism, 
strain 070594 was avirulent, non-infective and only slightly invasive whereas 
strain 083333 was highly infective mice inoculated with influenza virus, but 
almost avirulent, non-invasive and non-infective normal mice. 


DISCUSSION. 


The manifestations pathogenicity presented this report varied from 
group group, from type type and between strains within type haemolytic 
streptococcus. The characteristics appraised this report usually appeared 
stable. Most the strains had been the laboratory for many years. 
These characteristics did not vary during the three years study this 
laboratory, with possibly one exception. During the hot humid months July 
and August, 1951 and 1952, there were weeks when was not possible demon- 
strate infectivity. The cause for this temporary lapse remains unknown. 

There can doubt that the infectivity certain strains was associated 
with the activity respiratory tract virus. Experiments not reported this 
paper showed that large doses virus which was not mouse-adapted 
and did not cause disease the mouse had effect. Likewise, large doses 
killed mouse-adapted virus had effect. However, dose the mouse-adapted 
influenza virus sufficient cause pulmonary lesions was effective given 
intranasally, intraperitoneally nebulized mist. This synergic effect 
the virus the bacterium could not reproduced any other agent tested. 
Physical injury the respiratory tract resulting from the application 
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although sufficiently severe cause death, had effect the streptococcal 
mortality rate. This was also true for anaesthetization. For the type 19, strain 
083333, its ability kill was determined concomitant viral infection. 
This micro-organism was most infective the fourth and fifth days after 
inoculation the virus time when influenza lesions were peak. 

Many attempts induce respiratory tract infections with these group 
strains contamination were unsuccessful. Throughout the first year this 
study, contamination food, bedding, water-bottle tubes and the bodies the 
mice was accomplished spraying heavy suspensions organisms with hand 
atomizer. From large number experiments and hundreds mice, only once 
was streptococcus recovered from the heart’s blood autopsy. 

The micro-organisms recovered from the heart’s blood indicated bacteriaemia 
associated with the spread the bacterium cervical lymph nodes, lungs and 
blood stream. the time death the mice were usually housed cages 
room temperature. The organisms recovered were not post-mortem invaders 
the blood stream. the other hand, repeated blood cultures from the tail 
the mouse showed that bacteriaemia did not ordinarily occur while the mouse 
appeared well. When occurred, signs disease and death followed rapidly. 

Autopsies the mice showed only enlargement cervical lymph glands and 
areas pulmonary consolidation. The characteristic histologic finding was 
patchy broncho-pneumonia. Whether the organism invaded from the external 


nares was inhaled from the nebulized culture, the mode spread seemed 


lymph nodes, lungs and blood stream. contrast with infections ferrets 
(Glover, 1941), there was coughing, production and dissemination infective 
material, cross-infection influenza virus streptococcus under standard 
conditions. 

particular interest was the difference detected the laboratory between 
the three strains type 19. Strain 070594 was selected from large number 
organisms because had caused severe throat infection without causing any 
cross-infections among susceptible recruits navy barracks. Its communic- 
ability man appeared lacking. the laboratory was non-infective 
the Swiss albino mouse. The other two strains type were associated with 
epidemics scarlet fever. Strain N19 was laboratory strain which had shown 
extraordinary capacity spread during World War II. Strain 0803333 was 
selected because was associated with outbreak nasopharyngitis, perhaps 
associated with viral infections, Naval Training Center 1952. There 
seemed relation between the activity these three strains the field 
and the degree infectivity for white mice observed the laboratory. 


SUMMARY. 


Studies are reported seven group one group and one group strains 
haemolytic streptococcus. 

Air-borne infections with two the group strains have over period 
two years been repeatedly induced the Swiss albino mouse. 

Under the experimental conditions described, the capacity infect the upper 
respiratory tract normal mice was found present certain streptococcal 
others this capacity depended concomitant viral 
others was lacking. 
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method for the screening strains haemolytic streptococcus for infectivity 
presented. 
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INVESTIGATION group haemolytic streptococcal diseases the respiratory 
tract has been handicapped the lack small susceptible laboratory animal. 
For example, has not been possible determine which infections are air-borne 
and which transmitted direct contact. The played particulate matter, 
fine droplets, dried organisms, humidity and temperature remain unde- 
termined. Exact knowledge the conditions which permit the exceptional carrier 
haemolytic streptococcus spread contagion, whereas most carriers remain 
harmless, also lacking. Information these and other points essential 
the understanding the epidemiology haemolytic streptococcus. However, 
long studies group infections are limited clinical observations 
man, only circumstantial evidence their epidemiology can obtained. For 
proof, direct experimental studies are required. This turn demands that group 
streptococcal infections induced small experimental animal. 

Most epidemics scarlet fever and nasopharyngitis occur times and locations 
which haemolytic streptococcus prevalent the nose and throat flora and 
the air and dust buildings. result many observations generally 
agreed that important factor the genesis air-borne epidemic the 
number micro-organisms inhaled. However, has become increasingly clear 
that environments where haemolytic streptococci many types are prevalent, 
epidemic upper respiratory tract infections usually caused organisms 
single serologic type (Coburn and Young, 1949). Furthermore, has been 
shown that epidemic spread may even caused single strain when only 
one carrier introduced into environment where group micro-organisms 
are rare (Coburn and Young, 1949). These observations indicate that irrespective 
the prevalence absence haemolytic streptococcus, the genesis epidemic 
may depend the activity highly infective organism. This has given rise 
the concept that the critical factor the epidemic spread this micro-organism 
may characteristic the streptococcal strain, its inherent infectivity that is, 
its capacity multiply the upper respiratory tract. However, since scarlet 
fever and other group streptococcal respiratory tract infections occur naturally 
only man, has not been possible determine the degree exposure the 
state the micro-organisms introduced into the host. 

Nevertheless, generally agreed that there are least four variables 
human respiratory tract infections: the state immunity the host, the 
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degree exposure, the type exposure and, pointed out the preceding paper, 
the intrinsic infectivity the micro-organism. There method for detecting 
whether group-specific immunity developed through aging whether 
effective permanent type-specific immunity may follow infection. Likewise, 
with rare exceptions, the degree and type exposure streptococcal infections 
are unknown. the present study, the state immunity can considered 
uniform that is, immunity unless induced. The degree and type exposure 
are varied with the design each experiment. controlling these three va- 
riables, possible not only evaluate the infectivity strains haemolytic 
streptococcus but also assess the factors which modify infectivity. The purpose 
this report this and point out that the intrinsic capacity infect 
can enhanced, not only through the interaction host and influenza virus 
with the bacterium but also certain conditions the external environment. 

The preceding report showed that group streptococcal respiratory tract 
infections can air-borne and can induced with regularity white mice 
(Coburn, Evans and Nathan, 1954). Furthermore, was pointed out that whereas 
most bacterial strains may non-infective, the exceptional group group 
micro-organism causes death when few 2500 bacteria per cu. in. (16-4 ml.) 
are into closed chamber. 


MATERIALS AND METHODS. 


The following materials and methods were identical with those described the preceding 
paper: chamber, bacterial strains, culture medium, bacterial suspensions, mouse-adapted 
influenza virus strain, intranasal inoculations, anaesthesia, intraperitoneal inoculations, 
mice, autopsy examinations and serologic identification bacteria. Likewise, the working 
definitions made above apply also the present report. Procedures which were not 
described the preceding paper are 


Preparation anti-M serum for passive immunization. 

Lancefield’s immunization procedures were followed (1928, 1940). brain heart 
infusion broth (B.H.I. broth) was used for the growth haemolytic streptococcus, organisms 
being grown for hr. instead the suggested hr. Injections were made according 
the following schedule first week, daily doses 0-5 ml. vaccine, days’ rest second 
week, daily doses 1-0 ml. vaccine, days’ rest third week, same fourth week, same 
fifth week, bleed from the sixth week, daily injections 1-0 ml. vaccine, days’ 
rest seventh week, bleed from the heart eighth week, continued immunization ninth 
week, bleed death days after last injection. 


Passive immunization mice. 

Rabbits were actively immunized according the Lancefield method (1940). Serum 
from these rabbits was used immunize mice passively. total ml. rabbit 
anti-serum was injected subcutaneously into mice over period 24hr. The initial injection 
consisted 0-5 ml. rabbit anti-serum, and after hr. another 0-5 ml. was injected. This 
was repeated with 0-75 ml. hr. before the mice were challenged dose intra- 
peritoneally and the aerosol chamber technique. 


Active immunization mice. 

Immunization occupied weeks. dose 0-1 ml. heat-killed cells was given intra- 
peritoneally consecutive days, followed 4-day rest period. This procedure was 
resumed, giving 0-2 ml. and 0-3 ml. respectively during the second and third weeks. total 
mg. cells, dry weight per mouse, was administered starting with low initial 
inoculation mg. the first week, followed and mg. the second and third weeks 
respectively. All mice were challenged intraperitoneally the aerosol chamber 
technique the fourth day after the last injection. 
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Average humidity and temperature. 


The laboratory temperature ranged between and 27°. The fluctuation relative 
humidities the rooms was between and per cent during the cold weather winter 
months and from about per cent during the summer months when the steam heating 
_of the building was discontinued. 


Variation humidity chambers. 


continuous measurement relative humidity within the aerosol chambers was recorded 
hygrometer (Airguide humidity indicator 605) operating absorption principle. 
All hygrometers were calibrated with sling psychrometer that the maximum error was 
not excess per cent. All readings were taken from standard curve and recorded 
with the standard error estimate. 

The several ranges humidities studied were produced within the aerosol chamber 
the use Tel-Tale silica gel (The Davison Chemical Corporation) placed containers 
the floor the chamber. The approximate humidity levels tested were 90, 70, and 
per cent. 


Variation temperature chambers. 


this series experiments the temperature was controlled placing the aerosol 
chambers rooms constant temperature. Only constant temperatures were available 
for use these studies: 26°, 37° and 2°. 


Procedure for penicillin prophylaxis. 


Procaine penicillin Commercial peanut oil was given subcu- 
taneously just prior and daily through the period exposure. excessive dose 
30,000 units was administered daily for days. 


Preparation tissue extracts. 


Two groups mice were used, those which had received influenza virus followed 
aerosol spray haemolytic streptococcus, and those which received only intranasal 
inoculum haemolytic streptococcus and virus. Shortly after death, each mouse was 
autopsied. Under sterile conditions the cervical lymph nodes, heart and lungs were 
removed. These tissues were ground together with sterile sand and about ml. gel.-Locke 
solution, and then filtered through gauze. The filtrate was cultured and then frozen once 
60°. Samples which contained group haemolytic streptococci pure culture, 
irrespective numbers, were stored and subsequently nebulized.” Other preparations 
were discarded. 


Preparation culture suspensions from heart’s blood. 


One platinum wire loop blood from within the mouse’s heart, obtained under sterile 
conditions autopsy, was streaked sheep blood-agar plate. the end hr. 
growth haemolytic streptococcus was present pure culture, the colonies were removed 
adding ml. sterile gel-Locke solution the surface the blood-agar and pipetting 
the resulting mixture. This material was tested for bacterial purity the organism was 
typed the suspension was stored 5°. Depending the number colonies the heart 
blood, the quantity organisms the ml. suspension varied from few hundred thousand 


Procedures the study communicability. 


Mice were placed stainless steel boxes containing sawdust and covered and sterilized 
before use. The louvred top the box was covered with cardboard which was raised in. 
above the cover permit the passage small amount air. 

Dead mice were autopsied the usual manner. 

Living were taken various intervals time from the throat and nasal 
passages with sterile straight inoculating needle and placed sheep blood-agar plates. 

Sawdust and faeces.—Cultures were taken the same time above and grown 
broth for hr. and hr. and streaked out sheep blood-agar plates. 
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Anaesthesia.—All mice which were inoculated with streptococcus influenza virus 


both were anaesthetized with ether. 
Streptococcal mice were inoculated intranasally with 0-01—0-02 ml. 18—24 hr. 


broth culture and transferred sterile boxes hr. later. 

Streptococcal-virus mice.—Mice which had received ml. virus intranasally 
days before were inoculated intranasally with ml. hr. B.H.I. broth 
culture haemolytic streptococcus and placed sterile boxes hr. later. 

Virus mice were inoculated with ml. virus intranasally hr. before being 


placed sterile boxes contacts. 
Normal mice, untreated, were placed sterile stainless steel boxes contacts hr. 


after the final inoculations the infected mice. 


RESULTS 


has been pointed out that the critical factor the induction respiratory 
tract infections group haemolytic streptococcus the white mouse 
nebulized mist may the inherent infectivity the bacterial strain. Evidence 
support this concept presented the previous paper. All the observa- 
tions recorded here are accord with this finding. number factors which 
may modify the streptococcal mortality rate under experimental conditions have 
been investigated. Some these are considered significant the epidemic 


spread haemolytic streptococcus man. 


Type host. 

The production streptococcal pulmonary infections the instillation 
group streptococci the respiratory tract has been reported for the white rat 
and mouse (Glaser and Wood, 1951) well for the guinea-pig with group 


streptococci (Seastone, 1939). the present studies, attempts infect the white 
rat with nebulized cultures highly infective organisms were unsuccessful. 
Young adult rats and rats not yet weaned were exposed aerosol mists heavily 
contaminated with haemolytic streptococcus without effect. other animals 
were tested. was apparent that infectivity haemolytic streptococcus, 
applied the Swiss albino mouse, did not apply the white rat. 


Technique for culturing bacterium. 

The routine culture technique for haemolytic streptococcus was kept constant 
throughout this study with the exception two experimental modifications 
designed determine whether infectivity was influenced the passage micro- 
organisms through broth. Procedure (a) eliminated all vitro (b) 
eliminated subculturing broth. 

Procedure (a) consisted nebulizing bacteria obtained directly from tissues. 
These bacterial suspensions contained influenza virus (proved egg 
culture when obtained from mice infected with virus well haemolytic 
streptococcus. The bacterial suspension did not contain PR8 influenza virus 
obtained from tissues mice which received haemolytic streptococcus nasal 
instillation. Studies with type strain 1GL23 showed that the former were 
highly infective when nebulized, whereas suspensions obtained from tissues free 
virus caused death only when applied the nares. This was characteristic 
this strain type 17. The extract tissues containing virus and bacterium 
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caused higher mortality due streptococcus than suspensions bacteria which 
had been grown broth and sprayed mice that had received lethal dose 
influenza virus. For example, tissue suspension containing relatively few 
organisms, about 10,000 per ml., single spraying was sufficient cause strepto- 
coccal deaths per cent and spraying successive days cause strepto- 
coccal deaths per cent. was not practicable determine quantitatively 
the relative infectivity micro-organisms obtained from mouse tissues and 
from the broth culture. However, can stated that single exposure 
small number group organisms strain 1GL23 rarely produced streptococcal 
deaths except when the bacteria were obtained directly from tissues. 

Procedure (b) consisted nebulizing the bacteria obtained from the blood- 
agar plate which was streaked the infected heart’s blood the dead mouse. 
This, too, appeared increase the infectivity the bacterium. For example, 
using this technique, strain N19 caused mortality per cent (24 mice) 
whereas broth culture suspension caused mortality per cent (36 mice). 
None these mice received influenza virus the number organisms involved 
and the duration exposure were approximately equal. brief, the passage 
through broth the group strains examined this study appeared lower 
infectivity. 


Vehicles used for preparing bacterial suspension. 

addition the gel.-Locke solution, other diluents were tested making 
the bacterial suspensions. These were 0.1 per cent mucin, beef heart infusion 
broth, Ringer’s solution and NaCl 0.85 per cent. Using the aerosol technique 


was found that all mice died with streptococcal infections when sprayed with 
strain N19 after influenza virus. the normal mice, the streptococcal death rate 
was 100 per cent for mucin, per cent for gel.-Locke solution and per cent for 
the others. Following intranasal instillation the streptococcal mortality rate was 
per cent irrespective the vehicle used. Six mice were used for each test. 
Whereas appeared that mucin may the most effective vehicle, gel.-Locke 
solution was highly effective and had the advantage stability. 


Size and time dose influenza virus relation haemolytic streptococcus. 


was shown that strain N19 produced higher streptococcal mortality rate 
mice infected with influenza virus than normal mice (Coburn al., 
1954). the present study groups mice were nebulized with strain N19 
for one day the chamber. The first group was given sublethal dose PR8 
virus and exposed haemolytic streptococcus the same day. The second 
group was similarly treated but exposed the third day. The third group was 
given lethal dose virus and exposed the same day. The fourth group was 
similarly treated but exposed the third day. The fifth group received virus. 
The results are shown Fig. 


When the mice were exposed streptococcus the aerosol spray the 
third day after the influenza virus inoculum, time when pulmonary lesions 
were present, the results were similar irrespective the size the dose virus. 
This seen comparing curves and However, when the exposure 
streptococcus occurred the same day virus instillation, there was striking 
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difference. Mice which received lethal dose all died rapidly with streptococcus 
the blood stream. This seen curve However, mice which received 
sublethal dose followed once exposure the bacterium did not show 
maximum streptococcal mortality and death was delayed. This seen curve 
which intermediate between maximum synergism observed curves and 
and synergism shown curve 


S 


Per cent mortality 


Day death 


Fic. 1.—Relative effects sublethal, lethal and doses influenza virus streptococcal 
mortality rates. (1) Sublethal dose PR8 virus; exposed haemolytic streptococcus 
same day. (2) Sublethal dose virus exposed haemolytic streptococcus third 
day. (3) Lethal dose virus; exposed haemolytic streptococcus same day. (4) 

Lethal dose virus exposed haemolytic streptococcus third day. (5) Exposed 

haemolytic streptococcus only, virus. 


Size dose haemolytic streptococcus. 

Three group strains (N19, 1GL23 and NY5) were tested. Maximum 
streptococcal death rates were obtained sprays undiluted suspensions. 
When the suspension was diluted beyond the mortality rate fell off sharply. 
This was true for mice which received inoculum influenza virus and 
also for mice which received only strain N19. This shown Fig. 


Duration exposure haemolytic streptococcus. 


Previous experiments showed that the streptococcal mortality rate was deter- 
mined part least the dosage organisms sprayed and the time 
nebulization relation instillation influenza virus. The present experiment 
was done with type 19, strain N19, determine whether the duration exposure 
was also significant factor determining the mortality rate. 

Four groups mice (12 each) were sprayed with large number organisms 
one-day experiment. Four other groups mice (12 each) were sprayed with 
approximately the same number organisms divided over 3-day period. 
each experiment the first mice received only haemolytic streptococcus from 
broth culture the second were sprayed with aliquot culture, but the 
mice had been given influenza virus the preceding day the third received 
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organisms bacterial colonies from blood-agar plate, suspension organisms 
that had not been passed through broth the fourth were sprayed with 
aliquot the same suspension, but had been given influenza virus the preced- 


> 
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Per cent mortality 


S 


Dosage 
Fic. 2.—The relation dosage haemolytic streptococcus strain N19 mortality 
(1) normal mice (2) mice infected with PR8 virus. 


100 


Per cent mortality 


Fic. 3.—Relative effects and 3-day spraying streptococcal mortality 
(1) broth culture; (2) broth culture after virus; (3) agar washings; (4) agar 
washings after virus. 


ing day. The number organisms given each experiment was approximately 
the same. 

seen Fig. that each batch mice the duration spraying was 
factor mortality rates the 3-day exposure was more effective than the one 
day exposure. mice receiving virus this may have been due the 
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time relation, shown above. Nevertheless, column clearly indicates the signi- 
ficance prolonged exposure. interest the heightened infectivity organ- 
isms that had not been passed through broth, columns and accord 
with observations made strain 1GL23. 


Persistence and infectivity streptococci 


For period weeks was observed that group streptococci persisted 
the chambers spite the sterilization procedures used. Several types 
group streptococci were nebulized into the chambers. Nevertheless, each 
batch mice became infected with group organisms. This shown Table 


TaBLE I.—Group Infection Contamination within Chambers. 


Contaminating 
Strain Streptococcal group 
sprayed. ice. deaths. strain. strain. 
NY5 
NY5 


was found that the mouse infections with group organisms were due 
this strain the dry state within the electric fans. dismantling 
the fans and exposing the parts ultraviolet light the hazard prolonged con- 
tamination was overcome. Group organisms were then sprayed into the 
chambers. Their survival times were determined exposure open blood- 
agar plate for hr. The relation survival these group strains strepto- 
coccal morbidity rates was obtained normal mice and mice which had received 
influenza virus either day days prior the exposure. each instance 
the mice were introduced into the chambers hr. after spraying bacteria into 
the chambers was completed. The results, shown Table II, indicate that the 
group organisms survived large numbers for hr., then died rapidly and 
were absent 108 hr. This was room temperature (about 25°) and room 
humidity (about per cent). further seen that exposure contamination 
with relatively few organisms produced streptococcal deaths mice which had 
received sublethal dose influenza virus. contrast the group 


Bacteria and Streptococcal Mortality Contaminated 
Chambers. 


Haemolytic streptococcal 


Mice receiving 


Strain. hr. hr. hr. No. Deaths. No. Deaths. No. Deaths. 


Type. 
a 
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strain none these group strains showed long survival time great infectivity 
the dry state. 


Relation humidity infectivity. 

Studies were made type strains. The infective strain N19 induced 
streptococcal mortality rate least per cent irrespective humidity. 
The strain, GL070594, which all experiments had been non-infective, evidenced 
signs infectivity when the humidity was lowered. This was most marked 
humidity per cent which out mice with influenza died with 
positive streptococcal blood cultures and out normal mice. The findings 
are shown Table III. All experiments were done room temperature, 26°. 
These observations are accord with those Dunklin and Puck (1948) who found 
that when the relative humidity was about per cent there was high mortality 
for pneumococcus type and group haemolytic streptococcus, suspended 
broth, saline 0-5 per cent NaCl. 


Standard error Per cent mortality. 
Per cent estimate 
relative Mice with 


2-98 
2-98 
76-0 
63-0 
48-0 2-98 
36-0 2-98 100-0 (9) 66-6 (12) 


Relation temperature infectivity. 

Facilities for controlling graded changes temperature were not available. 
Placed 37° and all mice including the controls died and hr. respect- 
ively. Mice which had been given virus and nebulized with strain N19 
had positive blood cultures most instances, 66—83 per cent. contrast, 
mice similarly nebulized with strain 070594 had negative blood cultures most 
instances. However, this strain was recovered from the tissues out 
mice, the only time that was recovered from the heart’s blood animals that 
had been challenged aerosol spray environment high humidity. was 
evident that exposure high low temperature was lethal. Whether non- 
lethal temperatures modify resistance and increase the capacity the strepto- 
coccus infect remains determined. 


Penicillin 

excessive dose 30,000 units daily was tested batches mice exposed 
aerosol sprays containing: group type 19, strain N19; group type 17, 
strain 1GL23; and group strain Loosli. The groups mice challenged 
with the type and type strains received influenza virus. The strepto- 
coccal mortality was zero for all batches treated mice. The mortality among 
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the controls was for type 17, per cent type 19, per cent group per 
cent. Penicillin provided complete protection against streptococcal deaths 
even the presence the virus. 


Active immunization. 


The results active immunization against group and group strains 
are shown Table All mice were challenged exposure the homologous 
strain aerosol spray the chamber time when those immunized with 
group organisms showed 100 per cent protection against intra-peritoneal dose 


IV.—Effect Active Immunization Streptococcal Mortality. 


Percentage protection 
respiratory tract. 
Serologic Percentages 
type Strain intraperitoneal Following 
(haemolytic haemolytic protection incubation with Healthy 
streptococcus). streptococcus. for influenza virus. 


100 
1GL23 100 
Loosli 

Dochez NY5, 
No. 165 100 


The number mice each experiment was 


These mice remained healthy. However, when sacrificed the end 10-day period, out 
had positive heart’s blood culture for type 19. 


active immunity was demonstrable the mice which were given the group 
vaccine. This had also been observed guinea-pigs (Seastone, 1939). However, 
the mice receiving group vaccine were fully protected unless second factor 
infection was introduced. When given dose influenza virus 
prior the challenge with group haemolytic streptococcus, practically all mice 
died. The synergic effect PR8 virus overcame the protective effects active 
immunization. Although the streptococcal mortality rate was lower those 
receiving sublethal dose virus, the difference was not significant. the expe- 
riment with N19, out apparently normal mice were found autopsy 
have this bacterium the blood stream. Apparently balanced situation 
existed these mice whereby blood stream invasion was harmless. This was 
the only instance this noted throughout these studies. The mortality 
normal mice was for N19, per cent; 1GL23, per cent and NY5, per 
cent. 


Passive immunization. 


Mice were protected for all strains tested. All survived intraperitoneal 
infection dose. All but the group strain showed complete protection 
when challenged with the homologous strain when nebulized the chamber. 
However, this passive immunity, the preceding experiment active immun- 
ity, was not sufficient overcome the synergic effect lethal sublethal 
dose influenza virus. The per cent mortality was insignificantly lower the 
mice which received the sublethal dose. The per cent mortality for normal mice 
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was given the preceding section. The findings the effect 
zation are given Table 


TaBLE V.—Effect Passive Immunization Streptococcal Mortality. 


Percentage protection 
respiratory tract. 


Serologic Percentages 
type Strain intraperitoneal Following 
(haemolytic haemolytic protection incubation with Healthy 
streptococcus). streptococcus. for influenza virus. controls. 
1GL23 100 100 
Dochez NY5, 
No. 165 100 10-7 100 


The number mice each experiment was 


The specificity active immunization. 
This study was limited strains type and one type The purpose 
was obtain indication whether strain protection well type protection 
afforded active immunization. Strain was not used for the 
challenging dose the aerosol spray the chamber because was recognized 
non-infective, with without virus. The results Table show that 
NY5 strain afforded protection against challenges, either intraperitoneally 
the aerosol chamber, the homologous strain providing the mice were not 
given preceding inoculum influenza virus. However, immunization with the 
type organism afforded protection against the heterologous type strain. 


VI.—Comparison and Strain-Specific Protection Actively 
Immunized Mice. 


Organisms used Organisms used Percentage protection 
immunization. challenging doses. respiratory tract. 
Serologic Serologic Percentage Following 
type Strain type Strain intraperi- incubation 
(haemolytic haemolytic (haemolytic haemolytic toneal with 
strepto- strepto- strepto- strepto- protection influenza Healthy 
coccus). coccus. coccus). coccus. for virus. controls. 
NY5, NY5, 
No. 165 No. 165 
165 
N19 N19 100 100 
N19 GL070594 100 100° 


The number mice each experiment was 
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Active immunization with type strains showed that perhaps immunity 
may strain-specific and not type-specific. For example, immunization with 
strain N19 provided complete protection for heterologous type organisms 
against intraperitoneal challenge with dose and against air-borne 
challenge providing the mice had not received sublethal dose influenza virus. 
the other hand, when strain GL070594 was used the immunizing agent the 
results were different. Providing the mice had not received any influenza virus 
prior the challenge, this strain gave protection against air-borne challenge 
with the homologous organism environment low humidity where the 
controls had streptococcal mortality about per cent. Active immuniza- 
tion with this-strain also gave protection against challenge with dose 
strain 083333 but not against air-borne challenge. This strain provided 
immunity against infection with the heterologous strain N19. Furthermore, 
when strain 083333 was used for active immunization, protection was afforded 
against challenge with dose the homologous organism and also strain 
GL070594. However, this was not true for strain N19. Likewise when challenged 
with aerosol spray there was protection against the homologous organism and 
strain but not against N19. 

brief, seen that active immunization not only fails when exposure 
heterologous types the air occurs but may also fail when exposure heterolo- 
gous strains the same serologic type occurs. Infection with sublethal 
lethal dose influenza virus counteracts the protective value active 
immunization. 


Overcrowding and cross-infection. 


Observations were made, using for each experiment, groups mice inocu- 
lated with haemolytic streptococcus inoculated with influenza virus (PR8) and 
haemolytic streptococcus inoculated with influenza virus untreated. 
Each group consisted mice. Twenty-four hours after the last inoculation 
infected mice, all groups (16 mice) were placed stainless steel boxes contain- 
ing in. cm.) sawdust. The box provided air space approximately 
280 cu. in. The tops the boxes were covered with cardboard which 
was raised about in. (1-25 cm.) above the cover permit minimal ventilation. 

the end hr. all mice were removed from these boxes and cultures were 
made from the nose and throat. This was repeated every hr. for period 
172 hr. Cultures were made inserting into the posterior nares and throat 
straight inoculating needle and then streaking this blood-agar plate. 
The colonies haemolytic streptococcus were isolated, grouped and typed 
Lancefield’s method. Mice which survived the 172-hr. project were autopsied and 
cultures were made described above. 

these experiments communicability, each strain except the group 
organism was tested. There were each instance groups infected mice and 
groups contacts, normal mice and mice which had received influenza virus. 
The infected mice had, was expected, high incidence positive nose 
and throat cultures during days observation. The streptococcal mortality 
rate varied with the strain, but each instance was higher those mice which 
had received influenza virus. The highest mortality occurred with the strain 
group and two the group type organisms, N19 and 083333. 
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VII.—Spread Haemolytic Streptococcus Contacts. 


No. streptococcal 
contacts. 
ec 
Mice 
infected No. 
with streptococcal 
Normal influenza deaths 
mice. virus. contacts. 


Type 


Each group contacts consisted mice. 
For further explanation see text. 


seen Table VII that cross-infections were demonstrated mice with 
the same bacteria, the group organism and the strains and 083333. The 
mouse dying with strain 083333 had received sublethal dose influenza virus. 
The other deaths occurred normal mice. Since these mice died with positive 
blood cultures there can little doubt that these few animals did contract 
streptococcal infections due the organism isolated from the heart’s blood 
autopsy. 

Furthermore, there was more impressive evidence the spread streptococcus 
from the infected mice the contacts. Many the contacts, with the exception 
the type strain and the type Richards strain, developed positive 
throat and/or nose cultures. Positive nasopharyngeal cultures were obtained 
between days and exposure, most frequently days 3,4 and The 
incidence carriers among the normal contacts and the contacts which had 
received influenza virus also shown Table VII. Altogether, 1430 cultures were 
made these 128 animals. these mice the nose cultures were positive 
instances and the throat cultures instances. Among these contacts the 
presence the influenza virus appeared have little any effect susceptibility 
the carrier state. this experiment, the strains which appeared most 
invasive when applied the nares were also the strains which caused death 
among the contacts. Six the organisms tested were transmitted from mouse 
mouse without causing obvious signs infection. 


Attention has been called the preceding paper the fact that air-borne 
infections can induced certain strains group strepto- 
coccus. Mortality among white mice exposed aerosol spray the bacterium 
reaches its peak about the fourth day and disappears the tenth day. The 
degree and speed mortality depend the infectivity the strain. This 
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inherent capacity the strain appears stable under laboratory conditions. 
However, can probably modified many variations technique. Enhance- 
ment infectivity results from the synergic effects concomitant infection with 
influenza virus. fact, for certain strains infectivity dependent this 
symbiosis. The enhancing effect this viral infection has not been reproduced 
physical injury this laboratory other workers. what factor 
factors this synergism due remains unknown. Bordet and Quersin-Thiry 
(1953) point out their report The toxicity the influenza virus and its 
favourable associated that the haemolytic strepto- 
coccus the coefficient augmentation receptivity between 100 and 
only for the pneumococcus for the colon bacillus 
ford and his co-workers (Harford, Leidler and Hara, 1949; Harford and Hara, 
1950 Harford and Hamlin, 1952) have pointed out that influenza viral pneumonia 
supports the growth the pneumococcus the presence pulmonary oedema 
the lesion due influenza virus appears account for this the viral infection 
does not destroy cells the bronchial epithelium and the oedema fluid furnishes 
culture medium for inhaled pneumococci. 

not known whether this effect may associated with any change the 
organism’s production Lancefield’s M-substance (1952). This protein, the 
protease Elliott (1945) and the observations Olarte (1948) the release 
the M-protein may well significant factors determining virulence. However, 
the observations made the Swiss albino mouse indicate that mouse infectivity 
probably independent mouse virulence. Demonstration quantitative 
aspects infectivity must await the development tagging haemolytic 
streptococci inhaled. 


SUMMARY. 


Factors which influence the infectivity group haemolytic streptococcus 
under experimental conditions have been studied. 

Infectivity was demonstrated not only when mice were exposed fine moist 
droplets bacterial suspensions but also when they were introduced into 
atmosphere containing bacteria which had been allowed dry for hours. 

The mortality rate and speed death mice were heightened increasing 
the concentration microbes the air, the duration exposure, and con- 
comitant infection the mouse with influenza virus. 

Protection the normal mouse against streptococcal infectivity was obtained 
penicillin and active and passive immunization. 

Whereas penicillin prophylaxis was effective throughout, neither active nor 
passive immunization afforded protection mice the presence sublethal 
amounts influenza virus. 

The principles underlying the synergic effect influenza virus infectivity 
and its antagonistic effect immunity are unknown. 

The ability induce air-borne respiratory tract infections appears 
characteristic the microbial strain, well developed some, poorly developed 
many, absent other strains group haemolytic streptococcus. 


The authors are indebted these studies for cultures Drs. Rebecca Lance- 
field, Jerome Syverton and Commander John Seal, U.S.N. Drs. Robert Glaser 
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and Clayton Loosli they are especially grateful for many samples PR8 influenza 
virus and cultures, and for useful suggestions. The initiation this work would 
not have been possible without the help former colleague, Dr. Edgar 
Todd, whose memory the authors wish express feeling deep 
appreciation. 
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submucous lymphoid tissue the rabbit’s appendix normally contains 
enormous numbers bacteria (Enticknap, 1953) and has been suggested that 
this would lead some immunity (Digby, 1913). The bacteria are, however, 
non-pathogenic (Enticknap and Baker, 1946) but the appendix isolated from 
the rest the alimentary canal and one end brought the surface pathogenic 
bacteria can introduced into the lumen test the hypothesis (Digby, 1919). 
This paper describes experiments which show that immunity can induced 
this form vaccination. test whether this immunity dependent the 
lymphoid tissue the appendicular submucosa, and particular the mechanism 
for trans-epithelial transport that exists relation it, some animals with 
pouches composed entirely distal caecum were vaccinated. Lymphoid tissue 
virtually absent from the walls such pouches and vaccination into them 
produces negligible effects. 


METHODS. 


Adult rabbits either sex and weighing more than kg. were used. Twenty-four 
operated animals were vaccinated and six were used controls were large number 
normal rabbits. 

The surgical operations performed the alimentary canal are shown diagrammatically 
Fig. (Digby, healing was obtained when the caecal wall rather than the thick 
lymphoid submucosa the appendix was sutured the parietes most the animals were 
prepared the operation isola-caec-appendico-stomy (ICAS) (Fig. 1b) which small 
amount (less than sq. caecal mucosa included the pouch. the remaining 
animals isola-caeco-stomy with division the caecum and appendectomy (ICS) was performed. 
Thus the second type pouch differed from the first having site potential granulation 
tissue its tip well lacking lymphoid submucosa. least fortnight elapsed between 
operation and vaccination which time all the superficial wounds were well healed and 
none the necropsies after completion vaccination was any active inflammation the 
diverticula seen. Oral ingestion the secretions and any the injected cultures was 
prevented collecting them reservoir protected Perspex bulge fixed around the 
waist the animal padded metal straps (Fig. 2a). into the lumen the 
appendix caecal pouch were made after all secretions had been aspirated from 
the reservoir, through indwelling soft rubber catheter reaching the distal end (Fig. 
Living washed cultures Clostridium septicum (N.C.T.C. 547) were instilled 12-hr. intervals 
for days. The mean total dose was about organisms and varied from 10° 
The rabbits were challenegd about weeks after vaccination intra- 
muscular injection into the right gastrocnemius about 100 rabbit well-washed 
spore suspension 0°5 ml. freshly prepared calcium chloride solution (Henderson and 


294 

for 
lise 


IMMUNISING FUNCTION RABBIT APPENDIX 295 


Gorer, 1940). The potency the suspension was checked immediately before each experi- 
ment and two such suspensions covered the whole period the investigation. Blood cultures 
were taken hr. after the challenging dose. necropsy the extent and spread the 
myositis were assessed and the areas the absorbing surfaces the diverticula were measured 
(mean values: ICAS, sq. ICS, sq. cm.). Four normal rabbits were given 


APPENDIX AND DISTAL 
CAECUM 


ISOLA-CAEC-APPENDICO- 
STOMY 


ISOLA-CAECO-STOMY (ICS) 
JUNCTION 


Fic. 1.—Alterations made the alimentary canal rabbits the operations referred 
the text. 


formalised vaccine (Leclainche and Vallée, 1925) which organisms were sufficient 
ensure survival. typical experiment involved animals. One ICAS and ICS were 
vaccinated via their stomata and normal rabbits were each given single injection forma- 
lised vaccine intramuscularly the same time. Eleven days later normal control animals 
were challenged with adequate dose spore suspension. Both these died within hr. 
and the following day another normal control and the vaccinated animals received the 
same dose. some experiments ICASs were tested and the intramuscularly immunised 
controls were 
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STOMA APPARATUS 


TRANSPARENT BULGE 
FILLING TUBE 
EMPTYING TUBE 


RABBITS ABDOMINAL WALL 
STOMA TUBE 


PERSPEX BULGE APPLIED 


Fic. 2.—Rabbit wearing protective Perspex bulge. The sectional diagram shows the 
components the collecting reservoir. 


RESULTS. 


some earlier experiments with Pseudomonas pyocyanea and Proteus vulgaris 
some immunity was detected serological and protection tests ICASs 
which were vaccinated with one other these organisms, but not operated 


controls. 
The results the Cl. septicum experiments are summarised the Table, 


which shows that 
Survival time was indefinitely prolonged vaccination via the appendix 
and intramuscular injection, somewhat prolonged caecal vaccination and 


not significantly increased the operated unvaccinated group. 
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Organisms were recovered from the blood stream only the unvaccinated 
animals, The number observations small. 


Marked reduction muscle involvement was seen only the ICAS group. 
Low titre antibodies were detected agglutination suspensions 
after enteric immunisation but not regularly, after intramuscular vaccination. 


Immunisation against Cl. septicum Infection Rabbits. 


Mean 
time Mean 
between duration Mean Number with 
operation life number agglutinin. Blood cultures. 
and Number innon- muscle groups ——~— 
Number Mean challenge surviving survivors involved. Vaccination. Number Numbe 
tested. wt. (kg.). (weeks). challenge. (hr.). Before. After. done. +. 
Rabbits vaccinated into 
Rabbits vaccinated into 
the caecum: (ICS) 3 1 39 é 4:3 0 0 3 0 
Normal rabbits given 
intramuscular vac- 
Rabbits after ICAS 
used unvaccinated 
Normal 
as unvaccinated con- 


All animals were challenged by intramuscular injections of about 100 m.1.d. of spore suspension in 5 per cent aqueous. 
calcium chloride, 


DISCUSSION. 


The most conclusive results were obtained with Cl. septicum, pathogenic 
organism chosen because closely resembles the harmless ones normally present 
the appendicular submucosa except that anaerobic. The experimental 
infection which gives rise ynder the conditions described uniform that 
marked changes are readily recognised. Natural immunity uncommon, 
only out rabbits tested having any natural agglutinins. The inclusion 
control and survival one these does not prevent the difference between 
control and vaccinated groups from being highly significant. 

the earlier experiments the immune survivors were kept alive for several 
months. Subsequently, when had become clear that they could recover com- 
pletely, survivors were killed about days after the death their controls. 
only from these latter that muscle group involvement the vaccinated animals 
was assessed numerically. 

The normal conditions within the appendix are not completely reproduced 
ICAS with non-contractile reservoir tube but the mean pressure similar. 
Instillation pathogens did not produce any constant changes the cellular 
content the aspirated mucus, mono-nuclear cells only being present throughout. 
few red cells were seen specimens from two the ICS animals. 

whole cultures were used, washed most once, possible that all 
immunity produced was the result the absorption toxin. This however 
improbable for this strain was only very feebly toxigenic and similar results were 
obtained with tryptophane glucose broth cultures, which should give good yields 
toxin, and with Robertson’s meat broth cultures which toxin formation 
minimal (Bernheimer, 1944). 
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The most likely explanation the immunity produced that resulted from 
the absorption whole bacterial cells and that this absorption was facilitated 
the presence the appendicular submucosa specific cellular mechanism 
well adapted for dealing with ingested bacteria. 


SUMMARY. 


The operation isol-appendico-caeco-stomy has been devised produce 
blind tube rabbit’s appendix opening the abdominal wall, lined with 
lymphoid tissue. 

The operation isola-caeco-stomy produces similar blind tube part 
the caecum and this almost devoid lymphoid tissue. 

Living intestinal commensal bacteria have been introduced into these tubes. 
For assessing any immunity produced experimental myositis due Clostridium 
septicum satisfactory infection. 

animals vaccinated via the appendix the extent subsequent experimental 
myositis less than they survive infections which controls succumb, 
sometimes produce agglutinin, and not develop bacteriaemia. 


Grants from the Royal College Surgeons one (the late Professor 
Sir Kenelm Digby) covered some the expenses this investigation. 
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common feature the reproductive pattern the viruses far studied 
has been the so-called eclipse the virus the infected tissues the early 
stages multiplication. After the cell has been entered and reproduction 
initiated, for period time which varies with the different viruses, becomes 
difficult impossible recover the virus its infective form said 
eclipse have entered dark period. Infective virus reappears more 
less abruptly. From small beginning the virus multiplies rapidly and its 
liberation the exterior completes the cycle. Obviously the eclipse phase 
which holds the secrets the nature virus multiplication. has been sug- 
gested that during this silent period the virus replicating the form non- 
infective sub-units which later are reassembled form complete infective virus. 
This hypothesis was produced the first instance explain the facts obtained 
from studies the multiplication bacterial viruses, but has been applied 
the interpretation similar studies made with animal viruses and perhaps 
not always with equal justification. the animal viruses most studied this 
connection the influenza viruses occupy first place and their case the evidence 
possibly open the interpretation step-wise form multiplication with 
replication non-infective sub-units followed recombination. should 
not overlooked, however, that few the facts which this interpretation 
based have been established beyond doubt. Henle, who with his colleagues 
has played leading part the study the mode multiplication influenza 
virus and who subscribes this hypothesis, careful point out how little 
known with certainty (Henle, 1953). And other animal viruses whose mode 
reproduction has been investigated the evidence for such complex repro- 
ductive cycle even less convincing. recent study the multiplication 
herpes virus the chorio-allantoic membrane the chick embryo (Scott, Coriell, 
Blank and Gray, 1953), for instance, the implication that the virus multiplying 
non-infective form finds its only support the inability recover very 
much infective virus from the membranes the early hours after infection and 
the rapidity with which infective virus increases when reappears. The same 
could said the investigations made Sigel and his colleagues the 
plication meningopneumonitis virus (Sigel, Girardi and Allen, 1951; Girardi, 
Allen and Sigel, 1952). Too often those writing the subject virus 
plication speak the eclipse period being complete imply that is, whereas 
fact means always so. Henle (1953) states that studies the 
multiplication influenza virus following inoculation the developing egg 
the allantoic route, infective virus quantity equal 1-5 per cent the 
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inoculum could extracted from the chorio-allantoic membrane right through 
the period eclipse, and reference Fig. and Table the paper Scott 
al. (1953) makes clear that, contrary what said the text, herpes virus 
could recovered from the membranes during the eclipse dark period, some- 
times considerable quantity following infection with the larger inocula. 
may well that the small amount infective virus remaining during the eclipse 
unimportant and that plays part viral multiplication, but that point 
has yet settled and the meantime surely unwise prejudge the 
question. the study the mode multiplication meningopneumonitis 
virus made Sigel al. (1951) and Girardi al. (1952) developing eggs were 
inoculated the allantoic route and the concentration infective virus the 
allantoic fluid and chorio-allantoic membrane was estimated intervals 
hr. their early experiments the complete growth cycle was followed the 
egg, but since they found that surprising amount the inoculum remained 
the allantoic fluid after absorption the membranes had reached completion 
and that this unabsorbed virus was hindrance, their later experiments they 
removed the membranes after infection and followed the subsequent growth 
virus cultures made with this tissue. The growth curve showed moderate 
rise during the first hr. which was proved due continued absorption 
virus and not precocious multiplication. Subsequently the titre infective 
virus the membranes fell steadily until the 19th 20th hr. after infection 
when only small amount virus could demonstrated. From this point 
onward the titre infective virus rose rapidly peak about the 48th hr. 
what would seem inadequate grounds the authors imply that this virus 
multiplies non-infective form which assumes when enters and infects 
cell. This assumption goes counter earlier work done with viruses the 
psittacosis-lymphogranuloma group which the virus meningopneumonitis 
belongs. purely morphological study the development psittacosis virus 
(Bedson and Bland, 1932; 1934) clearly suggested that this agent multiplied 
binary fission and this has been supported observations living chick 
embryonic cells, infected with this virus, means phase contrast and ultra- 
violet light microscopy (Salaman, 1953). similar conclusion was reached 
Rake and Jones (1942) from their investigation the virus lymphogranuloma 
venereum. Latterly the majority those who have worked with the viruses 
the psittacosis-lymphogranuloma group have reached the conclusion that 
these agents are more closely related the rickettsiae than the viruses and 
there doubt that the rickettsiae multiply binary fission. Because 
this conflict views the mode multiplication viruses the psittacosis- 
lymphogranuloma group have reinvestigated the question using for the 
purpose strain psittacosis virus. 


MATERIALS AND METHODS. 


Strain virus. 

single strain psittacosis virus (M.O.H. 154) was used throughout. was isolated 
from parrot 1940 and was well adapted the mouse having been passed over four 
hundred times this species animal. 


Strain mice. 
Albino mice from the same stock were used throughout those employed for the titra- 
tion infective virus were all between and weeks age. 
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Experimental procedure. 


General plan.—Mice were inoculated intraperitoneally intervals 1-48 hr. some 
the animals, usually pair, were killed and their spleens removed and washed three times 
large excess saline. The spleens were then examined for virus virus material 
microscopy, serological methods and inoculation mice. 

Microscopical examination.—Impression preparations were stained modification 
Castaneda’s method (fixation for min. 7-5 per cent glacial acetic acid formalin wash 
with tap water; stain with Castaneda’s stain made with Azur min.; counterstain 
with 0-5 per cent aqueous safranin sec.) and also means dilute Giemsa after 
fixation methyl alcohol. 

Serological examination.—Ten per cent w/v spleen suspensions saline were examined 
the complement fixation test with human psittacosis antiserum. The suspensions 
were used 


(1) freshly made and untreated apart from sedimenting overnight the refrigerator. 
(2) after centrifugation angle centrifuge 3000 r.p.m. using 
(a) the supernatant unheated (for the detection the presence hypothetical 
small-particle heat-labile fraction) 
(b) the deposit re-suspended volume saline and steamed for min. (for the 
detection heat-stable group antigen). 


The technique the complement fixation test used was that previously described 
(Bedson, Barwell, King and Bishop, 1949). 

Test for infective washed spleens were weighed and per cent w/v suspension 
made beef infusion broth grinding the spleens dry mortar without abrasive and 
suspending the paste the appropriate amounts diluent. After suitable cultural tests 
exclude the presence bacteria these suspensions were either 


(1) injected intraperitoneally into groups mice dose 0-5 ml. without further 


dilution, noting survival day death the individuals, 
(2) diluted serially decimal intervals, each dilution being injected into groups 
mice dose 0-5 ml. 


RESULTS. 


Infective virus spleens varying intervals after intraperitoneal inoculation. 


Previous work (Bedson, 1933) has shown that the mouse psittacosis virus 
introduced into the peritoneal cavity rapidly travels the spleen. will 
seen from the data Table this has been amply confirmed out mice 
died after inoculation with suspensions made from spleen collected hr. after 
intraperitoneal infection. The data Table give measure the amount 
the virus which reaches the spleen this time. This measure perhaps not 
very exact one but sufficiently for the purpose between 0-1 and 0-01 
per cent the virus introduced into the peritoneum found the spleen hr. 
later. Reference Table also shows that with the size inoculum used, 
spleens collected and hr. after intraperitoneal inoculation all 
contained infective virus; the amount virus injected intraperitoneally was 
purposely made large the hope having sufficient the spleen readily 
detectable with the microscope when virus multiplication commenced. 
should perhaps mentioned that results Table are not from one experi- 
ment they represent the pooled results from several. was thought justifiable 
this since the virus and the size inoculum terms spleen were the 
same throughout and the mice were all the same stock and age. Each hori- 
zontal row Column represents separate experiment. some instances, 
hr., only few spleens were examined. But since there was diffi- 
culty detecting infective virus throughout the period 1-12 hr. and little 
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suggestion any marked fluctuation the amount this situation these 
different times, there seemed point either multiplying those observations 
submitting the spleens more exact quantitative examination for virus. 
the end hr. the amount infective virus had increased considerably 
virus multiplication had begun and continued rapid rate hr. 
which time the mice were usually moribund. 


Mouse Spleens Collected from 1-16 
Hours after Inoculation. 


Time after Average 
inoculation time 
collection Results individual mice Mortality death 
spleen. time death days. (dead /inoculated). (days). 
10, 10, 
10, 
4,4 


t 


Inoculum was 0-5 ml. intraperitoneally per cent w/v suspension spleen broth. 


TaBLE Virus Reaching Spleen from Hour. 


Titration virus inoculum (0-5 ml. per cent spleen suspension). 
Falling dilutions inoculated intraperitoneally dose 0-5 ml. 


(days). (days). (days). (days). 


Titration virus spleen hr. after inoculation (spleen suspended 
5-0 ml. diluent). Falling decimal dilutions inoculated intraperitoneally 
dose 0-5 ml. 


(days). (days). (days). (days). 


13, 


11, 11, 
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Microscopy the spleen. 

virus could certainly detected microscopically before the 8th hour. 
The virus had been introduced the form elementary bodies reasonably 
well dispersed suspension and was hardly expected that the relatively 
small number which had reached the spleen would detectable with the micro- 
scope. the 8th hr. after infection occasional large forms (initial bodies) could 
seen occurring singly pairs (Fig. 1). hr. all the virus seen was 
again the form initial bodies but now, addition single forms and pairs, 
there were groups containing four (Fig. even many six eight (Fig. 
elements. One somewhat bizarre form seen 10-hr. spleen preparation 
appeared show division into three parts (Fig. 4). Two hr. later the virus 
groups consisted even more elements (Fig. and and hr., although the 
individual virus particles were still all the initial body type and about the size 
staphylococci, the groups them were much larger (Fig. and 8). What ap- 

ared dividing forms were seen all preparations from the 8th hr. onward. 
the 48th hr. all the virus was the form elementary bodies (Fig. 9). 


Serological examination the spleens. 


explained earlier complement fixation tests were made with human 
psittacosis serum for the heat-stable group antigen. Spleens collected 
10, and hr. were examined this way and the findings such experi- 
ment are recorded Table III from which will seen that was not until 
hr. after infection that sufficient group antigen was present fix complement. 
The traces fixation obtained with the and 10-hr. spleen suspensions were 
probably without specific significance. hr., one would expect, the 
amount group antigen considerably greater than hr. another 
experiment spleens collected and hr. after infection were examined using 
antigens the fresh unheated and uncentrifuged suspensions, well the 
unheated supernatant fluid left after centrifugation 3000 r.p.m. angle 
centrifuge—a treatment which throws down the major part the virus—and 
the deposit from such centrifugation re-suspended the original volume and 
heated 100°. The object this type experiment, previously explained, 
was find out labile antigen excess group antigen could detected and 
whether antigenic material smaller particle size than the virus was present. 
The same antiserum was used the previous test and the results are given 
Table IV. this test the psittacosis was somewhat anti-complementary 
and this probably accounts for much the fixation given the and 7-hr. 
spleen preparations. Allowing for this, however, clear that there 
evidence the presence labile psittacosis antigen higher degree dis- 
persion than the virus the small amount specific fixation given the super- 
natant from the 16-hr. spleen suspension almost certainly due incomplete 
sedimentation the virus the centrifugation. 


Virulence the large forms (initial bodies). 

previous study (Bedson, 1933) was concluded that the large forms 
psittacosis virus, though undoubtedly virulent, were probably less than the 
elementary bodies. Rake and Jones (1942) from their investigations the 
multiplication lymphogranuloma venereum virus concluded that the large 
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Tests for Group Antigen 
Spleens 1-16 Hours after Infection. 


Antigens.* Sera M.H.D. Complement. 
Hours Anti-psittacosis. Normal. Saline. 
after 
infection. Diluted. 1/4 1/8 1/16. 1/32. 1/4. 


angle head) re-suspended saline volume from per 


Centrifuged deposit hr. 300 
Spleens obtained intervals after infection stated 


cent w/v suspension and heated 
column 


Fixation Tests for Labile Psittacosis Antigens. 


Antigens. 

a 10 per cent spleen suspensions in saline. 

Time Antisera M.H.D. complement. 

2 Treatment. after Dilu- Anti-psittacosis. Normal. Saline. 


infection tion. 


(hr.). 1/4 1/8. 1/16. 1/64 1/4. 
3000 r.p.m. nheate / ++4++ +++ 


Normal mouse spleen 10 per cent in 


Saline 


DESCRIPTION PLATE. 


Impression preparations made from spleens mice intervals after infection. 
Castaneda’s stain. Figures and Giemsa’s stain. All 1800. 
Fic. hours after infection. Shows pair large forms. 
Fic. 2.—Ten hours after infection. Shows group four large forms. 
Fic. 3.—Ten hours after infection. Shows group six large forms. 
Fic. 4.—Ten hours after infection. Shows what appears larger form which has under- 
gone division into three. 
Fic. 5.—Twelve hours after infection. Shows colony consisting seven large forms. 
Fic. 6.—Twelve hours after infection. Shows group large forms. 
7.—Sixteen hours after infection. Shows compact group large forms which are 
now quite numerous. 
Fic. 8.—Sixteen hours after infection. Shows colony large forms which has been spread 
out making the preparation. Some appear dividing. 
Fic. 9.—Forty-eight hours after infection. The virus now almost entirely the form 
elementary bodies. 


Figures 
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forms this virus are fully virulent. our investigations the virus detectable 
microscopically the 16-hr. spleens has been entirely the large form, but 
since one does not know that all the elementary bodies reaching the spleen 
necessarily start multiplying and that some, possibly even large proportion, 
may lying there inert but still virulent after hr. (Table I), impossible 
attribute all the virulence the 16-hr. spleen virus present the large 
form. would reasonable, however, attribute the greater infectivity 
the 16-hr. spleens compared with those collected hr., the large forms. 
This would all the sounder argument were known that elementary 
bodies reaching the spleen and not initiating multiplication did not survive 
long hr. Sigel al. (1951) produced evidence that meningopneumonitis 
virus deteriorated quite rapidly 37° vitro, but was disappointing find 
that psittacosis virus was much hardier this respect. 4-hr. spleen was 
suspended nutrient broth and the suspension stood the refrigerator for 
hr. while cultural tests were made. The supernatant fluid was then pipetted 
off and divided, one portion being placed the incubator 37° and the other 
replaced the refrigerator. After hr. the two were titrated mice the 
intraperitoneal injection falling decimal dilutions. The results the two 
experiments are given Table there suggestion that psittacosis virus 
deteriorates any great extent when exposed suspension 37° for hr. 


37° vitro. 
Experiment 
Dilution Spleen Suspension. 


Undiluted. 

37° 37° 37° 37° 

(days). (days). (days). (days). (days). (days). (days). (days). 


Experiment 


Five per cent suspension spleen collected hr. after infection. Portion kept 37° (incubator) 
for hr. and titrated against control portion kept refrigerator (4°). Mice inoculated intra- 
peritoneally with decimal dilutions. 

Died from other causes than psittacosis. 


could not, therefore, argued that the 16-hr. spleens contained virus 
other than the large forms which could seen there might varying quantity 
non-multiplying residual virus from the inoculum and the infectivity 16-hr. 
spleen suspensions could due the presence both forms virus. However 
the experiment recorded Table settles this point. Mice were infected 


Intraperitoneal Injection Small Dose. 


Time after 
inoculation Infectivity for mice. 
when spleen Microscopical examination Death individuals days. 
taken. spleen smears. 
numbers 
numbers some intermediate 


forms 


intraperitoneally with dose virus sufficient allow approximately one 
infecting dose reaching the spleen hr. Spleens were removed and 
hr. after infection, washed thoroughly before, weighed and suspended 
nutrient broth make per cent w/v suspensions. Each suspension was used 
inoculate groups mice dose 0-5 ml. intraperitoneally. After diligent 
search large-form virus was found the 16-hr. spleen preparations; the 
24-hr. preparations large forms were more numerous and some forms intermediate 
size between large forms and elementary bodies were found. will seen 
from Table both the and 6-hr. spleens had insufficient virus infect mice, 
whereas the 16-hr. spleen which large forms could seen, killed out 
mice obviously the large form initial body capable infecting. That 
not virulent the elementary body shown experiment which 
was made twice. Two groups mice were infected one with elementary 
body suspension and the other with large form suspension, the amount 
virus the two suspensions being equalised roughly the basis serological 
measure the amount virus present. Passage was made 16-hr. intervals 
using the spleens from half the mice each group and each passage was made 
into groups mice the same size the initial group. The mice not killed 
for passage were kept indicate whether not the passage material was virulent 
and the experiment was discontinued when all the indicator mice survived. 
both experiments the large form line passages died out before the elementary 
body line, the Ist passage one experiment and the 2nd the 
the elementary body line passage died out the 2nd and 3rd passages respec- 
tively. The lesser virulence the large form not really surprising. the 
form which the virus assumes when reaches suitable intracellular environment 
par excellence the vegetative form the virus. Whereas the elementary 
body the form which the virus found when multiplication cell has 
reached completion and the cell about break down and disperse its virus 
content engender infection new cells. essentially the transmitting form 
the virus and would seem better equipped than the large form gain entrance 
cells. 


DISCUSSION. 


The interpretation which place these observations that psittacosis 
virus multiplies binary least this clearly seems when 
multiplying the mouse spleen. impossible the evidence produced 
say whether not during the first hour after infection large part the 
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virus which had reached the spleen had become non-infective, though the results 
the experiment recorded Table suggest that possibly some may. 
Nor known how much the virus reaching the spleen enters cells and 
initiates multiplication and how much remains extracellular. But there clear 
evidence that the interval from the end the first hour after infection until 
the twelfth hour great fluctuation the amount infective virus the 
spleen had taken place and that the sixteenth hour multiplication the 
virus was well under way. And the morphological studies have shown that 
the eighth hour, virus, although small quantity, can seen and that this 
virtue the virus now being the large form. Microscopy spleen impres- 
sions also shows that from this hour onwards these large forms are multiplying 
division. first this proceeds slowly and the increase insufficient appre- 
ciably alter the total infectivity the spleens, particularly when recalled 
that the virulence the large forms probably less than that the elementary 
bodies. the sixteenth hour, however, the increase large forms has reached 
such proportions markedly raise the titre infective virus the spleen. 
are not position state that none the virus reaching the spleen becomes 
non-infective, would surprising indeed some did not view the hazards 
which the virus exposed its way the cells suitable for its multiplication. 
But there nothing our findings suggest that any time the virus multi- 
plying non-infective form both serological and microscopical investigation 
the spleens failed reveal any indication this, and small pilot experiment: 
which attempt was made unmask virus the midst what might 
called the period—10 hr.—by submitting spleen suspensions 
digestion with trypsin, repeated freezing and thawing making the alkaline, 
failed reveal any (Table VII). would suggest that during the first few 
hours after the virus has entered cells there initiate infection, acquiring 


made from Spleens Collected Period. 


Infectivity spleen suspension after 
infection Dilution with Digestion with Freezing and Made alkaline 
when spleen broth trypsin thawing (pH 9-0) 
taken. (days). (days). (days). (days). 


the energy essential its multiplication division, acquisition which 
accompanied morphological change from the small infecting elementary 
body the large form initial body. This analogous the lag phase 
bacterial growth. the end this phase the virus enters period active 
multiplication binary fission, the log phase, which the rate increase 
linear. the result repeated division the virus particles become progressively 
smaller until about the forty-eighth hour all the virus once again the 
small, elementary body, form. seems quite unnecessary offer any 
other interpretation the evidence, and this interpretation—multiplication 
binary fission—is supported other evidence. The agents the psittacosis- 
lymphogranuloma group are susceptible many the antibiotics—penicillin, 
chloramphenicol, chlor- and some them are sulphonamide- 


q 


sensitive. These drugs act dividing micro-organisms. Penicillin, for instance, 
certain concentrations arrests bacterial division without very materially 
interfering with growth, resulting the production giant forms when acting 
lymphogranuloma venereum virus also gives rise giant forms (Hurst 
al., 1953). Then again the variation size exhibited psittacosis virus and 
other members the group when multiplying suggests that these agents multiply 
binary fission. Finally there the point, mentioned earlier this paper—the 
taxonomic position the viruses the psittacosis-lymphogranuloma group. 
has long been recognised that these agents possess characters common 
with the viruses and the rickettsiae, that they bridge the gap between these two 
orders micro-organisms. To-day most authorities consider that they are more 
closely related the rickettsiae and this would seem justifiable. There 
doubt that the rickettsiae multiply binary fission and that being 
would seem unreasonable expect group closely related microbes multiply 
totally different method. 


SUMMARY. 


The mode multiplication psittacosis virus has been studied the spleens 
mice inoculated intraperitoneally microscopy stained spleen impression 
preparations and serological tests for various forms virus material, 
addition the inoculation mice for the detection infective virus. 

evidence suggesting that this virus multiplies non-infective form has 
been found. 

The evidence indicates that the spleens infected mice psittacosis virus 
multiplies binary fission. 


This work has been done under grant from the British Empire Cancer 
Campaign. 
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THE EFFECT HYPOPHYSECTOMY THE RESISTANCE 
MICE INFECTION WITH POLIOMYELITIS VIRUS. 


From the Pharmacology Department, The School Pharmacy, 
University London. 


Received for publication March 1954. 


SHWARTZMAN (1950) was the first show that cortisone lowers the resist- 
ance mice poliomyelitis virus. His work was confirmed and extended 
Findlay and Howard (1952), who showed that cortisone both reduces the 
survival time infected mice and accelerates the spread the virus along the 
spinal cord from the site the intracerebral inoculation. Neither Shwartzman 
nor Findlay and Howard were able demonstrate similar effect when adreno- 
corticotrophic hormone (ACTH) was substituted for cortisone. This paper 
reports the results experiments which the effect hypophysectomy the 
resistance mice poliomyelitis virus was examined. 


MATERIALS AND METHODS. 


Male white mice weighing 18-20 were used throughout. Hypophysectomy was 
performed, under anaesthesia, simplification Smith’s rat technique (1930). 
The contro] animals underwent mock operation parallel with those hypophysectomised. 
The authors present guarantee that hypophysectomy was complete. However, the heads 
all the hypophysectomised animals were removed after death, fixed formal-saline, 
and inspected for the absence recognisable pituitary gland none was found. Also, 
additional check, the adrenal glands were removed from both control and hypophysecto- 
mised mice, fixed and weighed. Fig. shows that there was overlap between the weights 
the glands from the hypophysectomised animals and the controls. 

Intracerebral inoculation with poliomyelitis virus, strain M.E.F.1, was performed between 
and days after the hypophysectomy operation. The inoculum was prepared from 
per cent suspension several infected mouse cords. This suspension was centrifuged 
3,000 r.p.m. for min., the supernatant was diluted saline give concentration 
equivalent cord/100 ml. saline 0°03 ml. this dilution was injected intracerebrally 
under ether anaesthesia. This dose virus produced per cent mortality normal 


RESULTS. 


each the five experiments performed, the mean survival time the group 
hypophysectomised mice was longer than that the mock-operated animals 
the percentage mortality between the two groups. 

When the adrenal glands were weighed, became apparent that, although 
there was correlation between adrenal weight and survival time the control 
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TABLE Hypophysectomised Mice Infection with 
Poliomyelitis Virus. 
Adrenal weights death 
Survival time days. (mg./20 mouse). 


Controls. Hypophysectomised. Controls. Hypophysectomised. 
Not weighed Not weighed 


Percentage survival control mice 1-01 per cent. 
hypophysectomised mice 13-3 per cent. 

Figures for survival time, and adrenal weight are entered mean standard error (number 
animals) correct two decimal places. experiments and paired glands from single animals 
were experiments and individual glands were weighed separately. Significant 
difference between values for control and hypophysectomised animals indicated asterisks 


a 
— 


Survival time days 
Fic. 1.—Weights adrenal glands death related survival time for control (open circles) 
and hypophysectomised (closed circles) mice inoculated intracerebrally with fatal dose 
poliomyelitis virus, strain zero time. Each circle represents one mouse. The 


data are taken from experiments and controls there correlation between 
adrenal weight and survival time. the operated there correlation <0-001; 


0-86). 


groups, there was highly significant correlation this respect the groups 
hypophysectomised animals (Fig. 1). This was probably due the decrease 
the size the adrenals throughout the experimental period (Fig. 2). was 
therefore interest determine whether the length the interval between 
hypophysectomy and inoculation had any effect survival time. 


Exp. No. used. 
2 e 3 3 
s 


RESISTANCE MICE INFECTION WITH POLIOMYELITIS 


Adrenal weight mouse) 


Days after hypophysectomy 


weight adrenal glands from hypophysectomised mice, dead polio- 
myelitis, time after hypophysectomy. Each circle represents one mouse. The data 
are from experiment Table Correlation between adrenal weight and days post-operative 


the mice used experiment Table were hypophysectomised intervals 
varying between and days before inoculation, the survival times these 
groups animals have been compared (Table II). The effect hypophysectomy 
survival time was found independent the interval between the operation 


and inoculation. 


TaBLE Times Mice Inoculated with Fatal Dose Poliomyelitis 
Virus Various Intervals after Hypophysectomy (Data from Experiment 


Table I). 


Days between hypophysectomy Survival times days 
and inoculation. mean (number mice). 
Controls (49) 
3-4 (11) 
(11) 
(15) 
(10) 


was thought that the lengthened survival time the hypophysectomised 
mice might due their inability respond the stress infection 
increased production adrenocorticotrophic hormone from the anterior pituitary 
gland. attempt show that normal mice responded this type stress 
increased output this hormone and consequent hypertrophy the adrenal 
glands, groups mice were inoculated intracerebrally with poliomyelitis virus. 
Similar groups animals were left uninoculated. Both groups were kept under 


similar conditions. One uninoculated mouse was killed whenever infected 
one died. The adrenal glands these mice were fixed and weighed. Table 
shows that, although there appeared highly significant difference 
between the adrenal weights infected and non-infected animals when expressed 
terms body weight, this difference did not exist when the absolute weights 
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the adrenals from the two groups were compared. This could accounted 
for the fact that the control mice gained weight during the experimental 
period whereas the infected animals did not. Thus these results not provide 
conclusive evidence adrenal hypertrophy infection with the virus. 

the experiments recorded Table III, correlation was found between the 
weight adrenal gland per mouse and body weight. Normal mice, 
33). Infected mice, weight range 10-22 g., gave correlation 


Weights Normal Mice Compared with those 
Mice Infected with Poliomyelitis Virus. 


Adrenal weights. 


Experiment. Group. mg./20 body weight. 
Infected (12) (12) 


Infected (9) (9) 


Normal (12) (12) 


DISCUSSION. 


has already been reported that adrenocorticotrophic hormone does not 
influence the survival time mice infected with poliomyelitis virus (M.E.F.1) 
when only two doses the hormone are given (Findlay and Howard, 1952). 
Further work has shown that repeated injections 0-25 mg. ACTH twice daily 
from the day inoculation not increase the sensitivity, although they 
cause adrenal hypertrophy. Cortisone, the other hand, does increase suscepti- 
bility. Similar results have been reported Kass, Lundgren and Finland 
(1954) for mice infected with pneumococci and with influenza virus respectively. 

possible that the increase survival time after hypophysectomy may 
due the inability the animal respond infection increasing the 
output ACTH, but the lack other pituitary hormones, possibly growth 
hormone, may also responsible. 


SUMMARY. 


Hypophysectomy has been shown prolong the lives mice inoculated with 
poliomyelitis virus. 

This increase survival time hypophysectomised mice independent 
the time interval between the operation and the inoculation. 

The adrenal glands the hypophysectomised mice decreased weight 
throughout the experimental period days. 
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